MgL Micro Linear 



Micro Linear 

Sm-Stm)ard Analog 



Dak Book 








INTRODUCTION 


Micro Linear Corporation, headquartered in San Jose, California, was 
founded in 1983 as an Analog USIC (user specified) integrated circuit 
manufacturer. The Corporation occupies 100,000 square feet of office and 
manufacturing space on six acres of land. The greater part of this space is 
used for state of the art engineering, test and wafer metallization facilities. 

Micro Linear, a pioneer in analog semi-custom integrated circuits, 
continues to expand its catalog with a unique tile array design 
methodology. This advanced proprietary tile array approach allows 
custom designs, and standard products that can be quickly modified with 
minimum expense and risk to the end customer. The analog design skills 
and tile array methodology are strengths that separate Micro Linear from 
its competitors. 

This standard product catalog has grown through the years to include 
more than 120 products and 25 arrays serving the following markets 

Data Communications 

Telecommunications 

Hard Disk Drive 

Motor Control 

Switch Mode Power Supply 

Data Acquisition 

Bus Products 

Mixed Signal USIC 

Micro Linear is committed to supplying complex mixed signal Integrated 
circuit solutions with the highest quality and best service possible. 
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SEMI-STANDARD INTEGRATED CIRCUITS 


The ability to modify standard integrated circuit products offers a new dimension 
and power to users of integrated circuits. By modifying a standard product the 
customer gains a level of product optimization that otherwise would not exist. At 
the foundation of Micro Linear's business is this ability, along with the eagerness, to 
provide optimized integrated circuits to its customers. This is "Semi-Standard 
Integrated Circuits." 

Semi-Standard can mean a change in the functionality of a device, an adjustment 
to a performance parameter, or even something as simple as a variation in the 
physical marking on the 1C. The customer can define a change to one of Micro 
Linear's standard catalog products to gain a performance edge, power savings, or 
lower system cost. Micro Linear's goal is to provide the maximum amount of 
flexibility such that the customer can reap these benefits and be able to offer an 
improved end product for today's competitive environment. 

Semi-Standard ICs offer a superior alternative over custom, and even semi-custom 
solutions. The level of technical risk is significantly reduced because only an 
Incremental change is made to an already proven product. And faster time-to- 
market Is enjoyed due to a combination of a shorter development time and the 
added benefit of being able to debug many of the system related issues by using the 
standard product. 

Micro Linear offers this unique capability to enact functional changes to its 
standard products because of Its Tile Array methodology. Tile Arrays are collections 
of uncommitted active and passive components arranged in patterns on an 
integrated circuit wafer. Circuits are Implemented by designing the metal 
Interconnect layers which are used In the final step of the wafer manufacturing 
process. The effectiveness of the Semi-Standard methodology is demonstrated in 
the fact that Micro Linear has been supplying very high volume standard products 
In fast moving dynamic markets since its Inception. 

Semi-Standard Is a product. But it is also a way of doing business. The wherewithal 
to perform the customer changes is not enough. A successful supplier of Semi- 
Standard integrated circuits must also have the design methodology, mind set, and 
culture of Semi-Standard. Since Micro Linear was founded and structured as a 
supplier of semi-custom analog and analog/digital integrated solutions these traits 
are firmly rooted in the company. 
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LIFE SUPPORT POLICY 


MICRO LINEAR'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT DEVICES OR SYSTEMS WITHOUT 
THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF MICRO LINEAR CORPORATION. As Lfsed herein: 


1. Life support devices or systems are devices or systems which, (a) are 
intended for surgical implant into the body, or (b) support or sustain life, 
and whose failure to perform, when properly used in accordance with 
instructions for use provided in the labeling, can be reasonably expected 
to result in a significant injury to the user. 


2. A critical component is any component of a life support device or 
system whose failure to perform can be reasonably expected to cause the 
failure of the life support device or system, or to affect its safety or 
effectiveness. 


Micro Linear reserves the right to make changes at any time, without notice, to any of its products, specifications, processes, and suppliers. The 
application notes, schematic diagrams, printed circuit layouts and other information contained herein is provided as application aids only and are 
therefore provided "AS IS." MICRO LINEAR MAKES NO WARRANTIES WITH RESPECT TO THE INFORMATION CONTAINED HEREIN, EXPRESS, 
IMPLIED, STATUTORY OR OTHERWISE, AND MICRO LINEAR EXPRESSLY DISCLAIMS ANY IMPLIED WARRANTIES OF MERCHANTABILITY, 
NON-INFRINGEMENT OF THIRD PARTY INTELLECTUAL PROPERTY RIGHTS AND FITNESS FOR A PARTICULAR PURPOSE. 
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Micro Linear 


General 
Ordering Information 


Part Number and Package Type Explanation 


PART NUMBER 

ML XXXX XXX 

Package Type 

Temperature Range 
M = -55°C to +125°C 
I = -40°C to +85°C 
C = 0°C to +70°C 

Number of letter indicates electrical grade of part 
Three or four digit generic or product part number 
Micro Linear Prefix or for second source device is the same as original source 


PACKAGE TYPE 


Letter Suffix Description 

D Side Brazed Hermetic DIP 

F Flat Pack 

J Ceramic Hermetic DIP (CERDIP) 

L Ceramic Leadless Chip Carrier (LCC) 

P Plastic DIP 

Q Plastic Chip Carrier (PCC) 

S Small Outline (SOIC) 

G (PQPP) Plastic Quad Flat Pack 

R Shrink Small Outline Package (SSOP) 

H Thin Quad Flat Pack (TQFP) 
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Cro^ Reference Guide 


Alternate Source Part Number 


Analog Devices 


Exar 


Linear Technoiogy 


National Semiconductor 


Analog Devices 

Part Number 

Micro Linear 

Direct Replacemenf 

AD7820BQ 

ML2261Clj 

AD7820CQ 

ML2261BIJ 

AD7820KN 

ML2261CCP 

AD7820KP 

ML2261CCQ 

AD7820LN 

ML2261BCP 

AD7820LP 

ML2261BCQ 

AD7820TQ 

ML2261CMJ 

AD7820UQ 

ML2261BMJ 

AD7824BQ 

ML2264CIJ 

AD7824CQ 

ML2264BIJ 

AD7824KN 

ML2264CCP 

AD7824LN 

ML2264BCP 

AD7824TQ 

ML2264CMJ 

AD7824UQ 

ML2264BMJ 


Exar 

Part Number 

Micro Linear 

Direct Replacement 

XR117R-2CP 

ML117R-2CP 

XR117R-4CP 

ML117R-4CP 

XR117R-4MD 

ML117R-4CS 

XR117R-6Cj 

ML117R-6CQ 

XR117R-6CP 

ML117R-6CP 

XR117R-6MD 

ML117R-6CS 

XR117-2CN 

ML117-2CJ 

XR117-2CP 

ML117-2CP 

XR117-2MD 

ML117-2CS 

XR117-4CN 

ML117-4CJ 

XR117-4CP 

ML117-4CP 

XR117-4MD 

ML117-4CS 

XR117-6CJ 

ML117-6CQ 

XR117-6CN 

ML117-6CJ 

XR117-6CP 

ML117-6CP 

XR117-6MD 

_I 

ML117-6CS 


LTC 

Part Number 

Micro Linear 

Direct Replacement 

LTC1060ACJ 

ML2110Blj2 

LTC1060ACN 

ML2110BCP2 

LTC1060AMJ 

ML2110BMJ2 

LTC1060Cj 

ML2110CIJ2 

LTC1060CN 

ML2110CCP2 

LTC1060Mj 

ML2110CMJ2 


NSC 

Part Number 

Micro Linear 

Direct Replacement 

ADC0808CJ 

ADC0808CJ 


ML2258BMj 

ADC0808CCJ 

ADC0808CCJ 


ML2258BIJ 

ADC0808CCV 

ADC0808CCV 


ML2258BIQ 

ADC0809CCN 

ADC0808CCN 


ML2258CIP 

ADC0809CCV 

ADC0809CCV 


ML2258CIQ 

ADC0820BCJ 

ML2261BIJ 

ADC0820BCN 

ML2261BCP 

ADC0820BCV 

ML2261BCQ 

ADC0820CCJ 

ML2261CIJ 

ADC0820CCN 

ML2261CCP 

ADC0820CCV 

ML2261CCQ 

ADC0820CJ 

ML2261CMJ 

ADC0831BCJ 

ADC0831Bq 


ML2281BIJ 

ADC0831BCN 

ADC0831BCN 


ML2281BCP 

ADC0831CCJ 

ADC0831CCJ 


ML2281CIJ 

ADC0831CCN 

ADC0831CCN 


ML2281CCP 

ADC0832BCJ 

ADC0832BCJ 


ML2282BIJ 

ADC0832BCN 

ADC0832BCN 


ML2282BCP 

ADC0832CCJ 

ADC0832CCJ 


ML2282CIJ 

ADC0832CCN 

ADC0832CCN 


ML2282CCP 

ADC0833BCJ 

ADC0833BCJ 


ML2283BIJ 

ADC0833BCN 

ADC0833BCN 


ML2283BCP 

ADC0833CCJ 

ADC0833CCj 


ML2283CIJ 

ADC0833CCN 

ADC0833CCN 


ML2283CCP 

ADC0834BCJ 

ADC0834BCJ 


ML2284BIJ 

ADC0834BCN 

ADC0834BCN 


ML2284BCP 


Note 1. 100% pin-for-pin compatible with improved electrical specifications. 

Note 2. Consult data sheet for electrical specifications that may vary from limit or conditions of alternate source. 
Note 3. Alternate source ships -40°C to +85°C product as molded; Micro Linear does this on a customer need basis. 
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Cross Reference Guide 


National Semiconductor (Continued) Silicon Systems, Inc, 


SSI 

Part Number 

Micro Linear 

Direct Replacement 

SSI 32P541-CH 

ML541CQ 

SSI 32P541-P 

ML541CP 

SSI 32P541A-CH 

ML4042CQ 

SSI 32P541A-P 

ML4042CP 

SSI 32P541B-CH 

ML4042CQ 

SSI 32P541B-P 

ML4042CP 

SSI 32R117R-2P 

ML117R-2CP 

SSI 32R117R-4F 

ML117R-4CF 

SSI 32R117R-4P 

ML117R-4CP 

SSI 32R117R-6F 

ML117R-6CF 

SSI 32R117R-6H 

ML117R-6CQ 

SSI 32R117R-6P 

ML117R-6CP 

SSI 32R117-2P 

ML117-2CP 

SSI 32R117-4F 

ML117-4CF 

SSI 32R117-4P 

ML117-4CP 

SSI 32R117-6F 

ML117-6CF 

SSI 32R117-6H 

ML117-6CQ 

SSI 32R117-6P 

ML117-6CP 

SSI 32R501R-6H 

ML501R-6CQ 

SSI 32R501R-8F 

ML501R-8CF 

SSI 32R501R-8H 

ML501R-8CQ 

SSI 32R501R-8P 

ML501R-8CP 

SSI 32R501-6H 

ML501-6CQ 

SSI 32R501-8F 

ML501-8CF 

SSI 32R501-8H 

ML501-8CQ 

SSI 32R501-8P 

ML501-8CP 

SSI 32R511R-4S 

ML511R-4CS 

SSI 32R511R-6H 

ML511R-6CQ 

SSI 32R511R-6P 

ML511R-6CP 

SSI 32R511R-6S 

ML511R-6CS 

SSI 32R511R-8H 

ML511R-8CQ 

SSI 32R511R-8P 

ML511R-8CP 

SSI 32R511R-8S 

ML511R-8CS 

SSI 32R511-4S 

ML511-4CS 

SSI 32R511-6H 

ML511-6CQ 

SSI 32R511-6P 

ML511-6CP 

SSI 32R511-6S 

ML511-6CS 

SSI 32R511-8H 

ML511-8CQ 

SSI 32R511-8P 

ML511-8CP 

SSI 32R511-8S 

ML511-8CS 


NSC 

Part Number 

Micro Linear 

Direct Replacement 

ADC0834CCJ 

ADC0834CCJ 


ML2284CIJ 

ADC0834CCN 

ADC0834CCN 


ML2284CCP 

ADC0838BCJ 

ADC0838BCJ 


ML2288BIJ 

ADC0838BCN 

ADC0838BCN 


ML2288BCP 

ADC0838BCV 

ADC0838BCV 


ML2288BCQ 

ADC0838CCJ 

ADC0838CCJ 


ML2288CIJ 

ADC0838CCN 

ADC0838CCN 


ML2288CCP 

ADC0838CCV 

ADC0838CCV 


ML2288CCQ 

ADC1061CIJ 

ML2271CIJ 

ADC1061CIN 

ML2271CCP3 

ADC1061CIWM 

ML2271CCS3 

ADC1061CMJ 

ML2271CMJ 

DP5016QC 

ML501-6CQ 

DP5016RQC 

ML501R-6CQ 

DP5018QC 

ML501-8CQ 

DP5018RQC 

ML501R-8CQ 

/iA5016QC 

ML501-6CQ 

M5016RQC 

ML501R-6CQ 

//A5018QC 

ML501-8CQ 

AfA5018RQC 

ML501R-8CQ 

DP8464BN-3 

ML8464B-3CP2 

DP8464BV-3 

ML8464B-3CQ2 

DP8464BN-2 

ML8464B-2CP2 

DP8464BV-2 

ML8464B-2CQ2 

DP8464BN-2 

ML8464B-2CP2 

DP8464BN-3 

ML8464B-3CP2 

DP8464BV-2 

ML8464B-2CQ2 

DP8464BV-3 

ML8464B-3CQ2 

DP8468BTP-3 

ML4568-3CQ2 

DP8468BTP-2 

ML4568-2CQ2 

LMF100CCN 

ML2111CCP 

LMF100CCWM 

ML2111CCS 

MF10AJ 

ML2110CMJ2 

MF10ACN 

ML2110BCP2 

MF10CCJ 

ML2110CIJ2 

MF10CCWM 

ML2110CCS2 

MF10CCN 

ML2110CCP2 


Note 1. 100% pin-for-pin compatible with improved electrical specifications. 

Note 2. Consult data sheet for electrical specifications that may vary from limit or conditions of alternate source. 
Note 3. Alternate source ships -40°C to +85®C product as molded; Micro Linear does this on a customer need basis. 
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Cross Reference Guide 


Texas Instruments VTC 


VTC 

Part Number 

Micro Linear 

Direct Replacement 

VM117-2DK 

ML117-2CJ 

VM117-2PK 

ML117-2CP 

VM117-4FK 

ML117-4CF 

VM117-4PK 

ML117-4CP 

VM117-4DK 

ML117-4CJ 

VM117-6PK 

ML117-6CP 

VM117-6DK 

ML117-6CJ 

VM117-6PK 

ML117-6CP 

VM117-6PLK 

ML117-6CQ 

VM117R-2DK 

ML117R-2CJ 

VM117R-2PK 

ML117R-2CP 

VM117R-4FK 

ML117R-4CF 

VM117R-4PK 

ML117R-4CP 

VM1'17R-4DK 

ML117R-4Cj 

VM117R-6DK 

ML117R-6CJ 

VM117R-6PK 

ML117R-6CP 

VM117-6PLK 

ML117R-6CQ 

VM217-6PK 

ML501-6CP 

VM217-6PLK 

ML501-6CQ 

VM217-8PK 

ML501-8CP 

VM217-8PLK 

ML501-8CQ 


NSC 

Part Number 

Micro Linear 

Direct Replacement 

ADC0808MJ 

ML2258BMJ 

ADC0808FN 

ML2258BCQ 

ADC0808N 

ML2258BIP 

ADC0809FN 

ML2258CCQ 

ADC0809N 

ML2258CIP 

TLC0820ACN 

ML2261CCP 

TLC0820ACFN 

ML2261CCQ 

TLC0820BGN 

ML2261BCP 

TLC0820BCFN 

ML2261BCQ 

ADC0831ACP 

ML2281CCP 

ADC0831AIP 

ML2281Clj3 

ADC0831BCP 

ML2281BCP 

ADC0831BIP 

ML2281BIJ3 

ADC0832ACP 

ML2282CCP 

ADC0832AIP 

ML2282CIJ3 

ADC0832BCP 

ML2282BCP 

ADC0832BIP 

ML2282BIJ3 

ADC0834ACN 

ML2284CCP 

ADC0834AIN 

ML2284CIJ3 

ADC0834BCN 

ML2284BCP 

ADC0834BIN 

ML2284BIJ3 

ADC0838ACN 

ML2288CCP 

ADC0838AIN 

ML2288CIJ3 

ADC0838CCN 

ML2288BCP 

ADC0838BIN 

ML2288BIJ3 


Unitrode 


Unitrode 

Part Number 

Micro Linear 

Direct Replacement 

UC1823J 

ML4823MJ 

UC1825J 

ML4825MJ 

UC2823N 

ML4823IP 

UC2823Q 

ML4823IQ 

UC2825N 

ML4825IP 

UC2825Q 

ML4825IQ 

UC3823N 

ML4823IP 

UC3823Q 

ML4823CQ 

UC3825N 

ML4825IP 

UC3825Q 

ML4825CQ 


Note 1. 100% pin-for-pin compatible with improved electrical specifications. 

Note 2. Consult data sheet for electrical specifications that may vary from limit or conditions of alternate source. 
Note 3. Alternate source ships -40°C to +85°C product as molded; Micro Linear does this on a customer need basis. 
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Micro Linear 


Alpha Numeric Index 


PAGE 

FB3410 Small General Purpose Tile Array. 7-21 

FB3420 Medium General Purpose Tile Array. 7-21 

FB3430 Large General Purpose Tile Array. 7-21 

FB3480 Power Supply Controller Array. 7-26 

FB3490 General Purpose PWM Controller Array. 7-37 

FB3491 Resonant Mode Controller Array. 7-38 

FB3492 Phase Modulation Controller Array. 7-39 

FB3605 Small High Frequency Tile Array. 7-12 

FB3610 General Purpose Tile Array. 7-13 

FB3620 General Purpose Tile Array. 7-13 

FB3621 Medium High Frequency Tile Array. 7-14 

FB3622 Medium Power Schottky Tile Array. 7-15 

FB3623 Medium High Power Tile Array. 7-16 

FB3630 General Purpose Tile Array. 7-13 

FB3631 Large Mixed Analog/Digital Tile Array. 7-17 

FB3635 Large Mixed Analog/Digital Tile Array. 7-18 

FB3651 LAN Transceiver Tile Array. 7-23 

FB3680 Electronic Ballast & Power Factor Tile Array. 7-25 

FC3510 General Purpose BiCMOS Tile Array. 7-6 

FC3560 Read Channel Tile Array. 7-22 

FC3580 Micro Power Controller Tile Array. 7-24 

ML117 2,4, or 6-Channel ReadAA/rite Circuits... 5-5 

ML117R 2, 4, or 6-Channel ReadAA/rite Circuits. 5-5 

ML501 6, 7, or 8-Channel ReadAVrite Circuits. 5-13 

ML501R 6, 7, or 8- Channel ReadAVrite Circuits. 5-13 

ML502 6, 7, or 8-Channel ReadAVrite Circuits. 5-13 

ML502R 6, 7, or 8-Channel ReadAVrite Circuits. 5-13 

ML502S 6, 7, or 8-Channel ReadAVrite Circuits. 5-13 

ML511 4, 6, 7, or 8-Channel Read AA/rite Circuits. 5-21 

ML511 R 4, 6, 7, or 8-Channel ReadAVrite Circuits. 5-21 

ML541 Read Data Processor.. 5-29 

ML1825 High Frequency Power Supply Controller. 6-5 

ML2003 Logarithmic Gain/Attenuator. 3-2 

ML2004 Logarithmic Gain/Attenuator... 3-2 

ML2008 pP Compatible Logarithmic Gain/Attenuator. 3-13 

ML2009 pP Compatible Logarithmic Gain/Attenuator. 3-13 

ML2020 Telephone Line Equalizer. 3-22 

ML2021 Telephone Line Equalizer. 3-33 

ML2031 Tone Detector .. 3-44 

ML2032 Tone Detector. 3-44 

ML2035 Programmable Sinewave Generator.:. 3-52 

ML2036 Programmable Sinewave Generator. 3-52 

ML2110 Universal Dual Filter. 3-64 

ML2111 Universal Hi-Frequency Dual Filter. 3-83 

ML2200 12-Bit -i- Sign Data Acquisition Peripheral... 2-5 

ML2208 12-Bit -i- Sign Data Acquisition Peripheral... 2-5 

ML2221 Serial Peripheral Interface 12-Bit Plus Sign A/D Converter with Sample & Hold. 2-33 

ML2222 Serial CODEC/DSP Interface 12-Bit Plus Sign A/D Converter with Sample & Hold . 2-47 

ML2223 Serial Asynchronous Interface 12-Bit Plus Sign A/D Converter with Sample & Hold . 2-48 

ML2230 pP Compatible 12-Bit Plus Sign A/D Converter with Sample and Hold. 2-56 

ML2233 pP Compatible 12-Bit Plus Sign A/D Converter with Sample and Hold. 2-72 
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Alpha Numeric Index 


ML2252 

ML2258 

ML2259 , 

ML2261 

ML2264 

ML2271 

ML2280 

ML2281 

ML2282 

ML2283 

ML2284 

ML2288 

ML2340 

ML2341 

ML2350 

ML2351 

ML2375 

ML2377 

ML2652 

ML4041 

ML4042 

ML4401 

ML4402 

ML4403 

ML4404 

ML4406 

ML4407 

ML4408 

ML4410 

ML4411 

ML4413 

ML4415 

ML4415R 

ML4416 

ML4416R 

ML4417 

ML4418 

ML4427 

ML4431 

ML4506 

ML4508 

ML4510 

ML4532 

ML4533 

ML4534 

ML4535 

ML4536 

ML4568 

ML4610R 

ML4611R 

ML4621 

ML4622 

ML4624 

ML4632 

ML4642 

ML4652 

ML4654 

ML4658 


[lP Compatible 8-Bit A/D Converter with 2-Channel Multiplexer 
pP Compatible 8-Bit A/D Converter with 8-Channel Multiplexer 
pP Compatible 8-Bit A/D Converter with 8-Channel Multiplexer 
pP Compatible High Speed 8-Bit A/D Converter with T/H (S/H).. 
4-Channel High Speed 8-Bit A/D.Converter with T/H (S/H)......... 

pP Compatible High Speed TO-Bit A/D Converter with S/H. 

8-Bit Serial A/D Converter... 

8-Bit Serial A/D Converter. 

8-Bit Serial A/D Converter with 2-Channel Multiplexer. 

8-Bit Serial A/D Converter with 4-Channel Multiplexer.. 

8-Bit Serial A/D Converter with 4-Channel Multiplexer.. 

8-Bit Serial A/D Converter with 8-Channel Multiplexer.. 

Single Supply Programmable 8-Bit D/A Converter. 

Single Supply Programmable 8-Bit D/A Converter. 

Single Supply Programmable 8-Bit D/A Converter. 

Single Supply Programmable 8-Bit D/A Converter. 

DSP Analog I/O Peripheral .. 

DSP Analog I/O Peripheral . 

10 BASE-T Physical Interface Chip... 

Read Data Processor. 

Read Data Processor. 

Servo Demodulator... 

Servo Driver.... 

Servo Controller... 

Trajectory Generator. 

Disk Voice Coil Servo Driver.. 

Disk Voice Coil Servo Driver. 

Low Voltage Voice Coil Servo Driver. 

Sensorless Spindle Motor Controller. 

Sensorless Spindle Motor Controller.. 

Servo Controller.... 

15-Channel Read/Write Circuit. 

15-Channel Read/Write Circuit...;.. 

14-Channel ReadAA/rite Circuit with CS. 

14-Channel Read/Write Circuit with CS... 

Zoned Bit Recording Circuit ... 

Low Saturation Voice Coil Servo Driver. 

Zoned Bit Recording Circuit. 

Servo Demodulator...2. 

5V Disk Voice Coil Servo Driver. 

Low Saturation 5V Voice Coil Servo Driver. 

5V Sensorless Spindle Motor Controller.. 

Servo Burst Area Detector with PWM. 

Servo Burst Area Detector without PWM. 

Area Detector Based Embedded Servo Demodulator.. 

Area Detector Based Hybrid Servo Demodulator. 

Servo Burst Area Detector without PWM DAC. 

Disk Pulse Detector -t- Embedded Servo Detector. 

5V, 2-, 4-Channel Thin-Film Read/Write Circuit.... 

5V, 2-, 4-Channel Thin-Film Read/Write Circuit. 

Fiber Optic Data Quantizer. 

Fiber Optic Data Quantizer.... 

Fiber Optic Data Quantizer...... 

Fiber Optic LED Driver....... 

AUI Multiplexer.:.......;. 

lOBASE-T Transceiver.,..... 

lOBASE-T Transceiver for Hubs ...;..... 

10BASE-T Transceiver with Autopolarity.... 


PAGE 

2-88 

2-99 

2-88 

2-110 

2-125 

2-140 

2-153 

2-171 

2-171 

2-153 

2-171 

2-171 

2-191 

2-202 

2-191 

2-202 

2-214 

2-214 

4- 3 

5- 39 
5-39 
5-50 
5-56 
5-61 
5-71 
5-82 
5-82 
5-88 
5-95 
5-106 
5-61 
5-118 
5-118 
5-118 
5-118 
5-126 
5-136 
5-126 
5-143 
5-151 
5-158 
5-159 
5-168 
5-168 
5-179 
5-186 
5-168 
5-197 
5-205 
5-205 
4-21 
4-27 
4-27 
4-35 
4-41 
4-55 
4-71 
4-55 
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Alpha Numeric Index 


PAGE 

ML4661 FOIRL Transceiver. 4-81 

ML4661EVAL FOIRL Evaluation Kit. 4-91 

ML4662 10BASE-FL Transceiver. 4-92 

ML4662EVAL 10BASE-FL Evaluation Kit. 4-104 

ML4663 Single Chip 10BASE-FL Tranceiver. 4-105 

ML4663EVAL 10BASE-FL Evaluation Kit. 4-119 

ML4809 High Frequency Current Mode PWM Controller.. 6-12 

ML4810 High Frequency Current Mode PWM Controller. 6-23 

ML4811 High Frequency Current Mode PWM Controller. 6-23 

ML4812 Power Factor Controller Evaluation Kit. 6-31 

ML4812EVAL Power Factor Controller. 6-45 

ML4813 Flyback Power Factor Controller. 6-46 

ML4815 Zero Voltage Switching Resonant Controller. 6-58 

ML4816 High Frequency Multi-Mode Resonant Controller. 6-71 

ML481 7 High Frequency Single Ended PWM Controller. 6-85 

ML4818 Phase Modulation/Soft Switching Controller.. 6-93 

ML4818EVAL Phase Modulation Controller Evaluation Kit. 6-104 

ML4819 Power Factor and PWM Controller "Combo".. 6-105 

ML4821 Power Factor Controller. 6-119 

ML4821 EVAL Average Current PFC Controller Evaluation Kit. 6-127 

ML4823 High Frequency Current Mode PWM Controller. 6-128 

ML4825 High Frequency Current Mode PWM Controller. 6-135 

ML4830 Electronic Ballast Controller. 6-142 

ML4861 Low Voltage Boost Regulator. 6-146 

ML4861 EVAL Low Voltage Boost Regulator Evaluation Kit. 6-151 

ML4862 Battery Power Controller 1C. 6-152 

ML4862EVAL Battery Power Controller Evaluation Kit. 6-162 

ML600X Read Channel Eilter/Equalizer Users Guide. 5-233 

ML6005 24 Mbps Read Channel Filter/Equalizer... 5-211 

ML6006 36 Mbps Read Channel Filter/Equalizer. 5-221 

ML6007 48 Mbps Read Channel Eilter/Equalizer. 5-231 

ML6010 Integrated Read Channel Processor. 5-239 

ML6622 High-Speed Data Quantizer. 4-120 

ML6632 High-Speed Fiber Optic LED Driver. 4-125 

ML6671 TP-PMD MLT-3 Transceiver. 4-129 

ML6682 Token Ring Physical Interface Chip. 4-130 

ML8464B Pulse Detector. 5-247 

ML8464C Pulse Detector. 5-247 
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Micro Linear 


A/D Converters, D/A Converters 

Section 2 


Selection Guide. 2-1 

ML2200 12-Bit -I- Sign Data Acquisition Peripheral . 2-5 

ML2208 12-Bit-f-Sign Data Acquisition Peripheral . 2-5 

ML2221 Serial Peripheral Interface 12-Bit Plus Sign A/D Converter 

with Sample & Hold. 2-33 

ML2222 Serial CODEC/DSP Interface 12-Bit Plus Sign A/D Converter 

with Sample & Hold. 2-47 

ML2223 Serial Asynchronous Interface 12-Bit Plus Sign A/D Converter 

with Sample & Hold.. 2-48 

ML2230 pP Compatible 1 2-Bit Plus Sign A/D Converter with Sample and Hold. 2-56 

ML2233 pP Compatible 12-Bit Plus Sign A/D Converter with Sample and Hold. 2-72 

ML2252 pP Compatible 8-Bit A/D Converter with 2-Channel Multiplexer. 2-88 

ML2258 pP Compatible 8-Bit A/D Converter with 8-ChanneI Multiplexer. 2-99 

ML2259 pP Compatible 8-Bit A/D Converter with 8-Channel Multiplexer. 2-88 

ML2261 pP Compatible High Speed 8-Bit A/D Converter with T/H (S/H) . 2-110 

ML2264 4-Channel High Speed 8-Bit A/D Converter with T/H (S/H). 2-125 

ML2271 pP Compatible High Speed 10-Bit A/D Converter with S/H . 2-140 

ML2280 8-Bit Serial A/D Converter. 2-153 

ML2281 8-Bit Serial A/D Converter.. 2-1 71 

ML2282 8-Bit Serial A/D Converter with 2-Channel Multiplexer. 2-1 71 

ML2283 8-Bit Serial A/D Converter with 4-ChanneI Multiplexer. 2-153 

ML2284 8-Bit Serial A/D Converter with 4-Channel Multiplexer. 2-171 

ML2288 8-Bit Serial A/D Converter with 8-Channel Multiplexer. 2-1 71 

ML2340 Single Supply Programmable 8-Bit D/A Converter. 2-191 

ML2341 Single Supply Programmable 8-Bit D/A Converter. 2-202 

ML2350 Single Supply Programmable 8-Bit D/A Converter. 2-191 

ML2351 Single Supply Programmable 8-Bit D/A Converter. 2-202 

ML2375 DSP Analog I/O Peripheral... 2-214 

ML2377 DSP Analog I/O Peripheral. 2-214 
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Micro Linear 


A/D Converters 


Selection Guide 


Part 

Number 

Resolution 

(Bits) 

Non 

Linearity 
(Max LSB) 

Dynamic Performance 
Signal to Noise Ratio 

Conversion 

Time 

ifJts) 

Power 

Supplies 

(V) 

Temperature 

Range’ 

C 1 M 

Package 

Comments 

ADC0808 

8 

±1/2 


6.6 

5 (±10%) 

X 

X 

X 

28-Pin DIP, 
28-Pin PCC 

/iP Comp, 

8-CH 

ADC0809 

8 

±1 


6.6 

5 (±10%) 

X 

X 

X 

28-Pin DIP, 
28-Pin PCC 

//P Comp, 

8-CH 

ADC0831B 

8 

±1/2 


6.0 

5 (±10%) 

X 

X 

X 

8-Pin DIP 

Serial I/O, 

Single CH 

ADC0831C 

8 

±1 


6.0 

5 (±10%) 

X 

X 

X 

8-Pin DIP 

Serial I/O, 

Single CH 

ADC0832B 

8 

±1/2 


6.0 

5 (±10%) 

X 

X 

X 

8-Pin DIP 

Serial I/O, 

2-CH 

ADC0832C 

8 

±1 


6.0 

5 (±10%) 

X 

X 

X 

8-Pin DIP 

Serial I/O, 

2-CH 

ADC0833B 

8 

±1/2 


6.0 

5 (±10%) 

X 

X 

X 

14-Pin DIP 

Serial I/O, 

4-CH 

ADC0833C 

8 

±1 


6.0 

5 (±10%) 

X 

X 

X 

14-Pin DIP 1 

Serial I/O, 

4-CH 

ADC0834B 

8 

±1/2 


6.0 

5 (±10%) 

X 

X 

X 

14-Pin DIP 

Serial I/O, 

4-CH 

ADC0834C 

8 

' ±1 


6.0 

5 (±10%) 

X 

X 

X 

14-Pin DIP 

Serial I/O, 

4-CH 

ADC0838B 

8 

±1/2 


6.0 

5 (±10%) 

X 

X 

X 

20-Pin DIP, 
20-Pin PCC 

Serial I/O, 

8-CH 

ADC0838C 

8 

±1 


6.0 

5 (±10%) 

X 

X 

X 

20-Pin DIP, 
20-Pin PCC 

Serial I/O, 

8-CH 

ML2200B 

12 + Sign 

±3/4 

12kHz, ±2.5V SINE, 

S/N 72dB 

31.5 

±5 (±5%) 

X 

40-Pin DIP 

4-CH Data Acq 
Peripheral 

ML2200C 

12 + Sign 

±1 

12kHz, ±2.5V SINE, 

S/N 72dB 

31.5 

±5 (±5%) 

X 

40-Pin DIP 

4-CH Data Acq 
Peripheral 

ML2200D 

12 + Sign 

±1 

8.5kHz, ±2.5V SINE, 

S/N 72dB 

44 

±5 (±5%) 

X 

40-Pin DIP 

4-CH Data Acq 
Peripheral 

ML2208B 

12 + Sign 

±3/4 

12kHz, ±2.5V SINE, 

S/N 72dB 

31.5 

±5 (±5%) 

X 

40-Pin DIP 

8-CH Data Acq 
Peripheral 

ML2208C 

12 + Sign 

±1 

12kHz, ±2.5V SINE, 

S/N 72dB 

31.5 

±5 (±5%) 

X 

40-Pin DIP 

8-CH Data Acq 
Peripheral 

ML2208D 

12 + Sign 

±1 

8.5kHz, ±2.5V SINE, 

S/N 72dB 

44 

±5 (±5%) 

X 

40-Pin DIP 

8-CH Data Acq 
Peripheral 

ML2221B* 

12 + Sign 

±3/4 

8.5kHz, ±5.0V SINE, 

S/N 72dB 

44 

±5 (±5%) 

X 

X 


16-Pin Dll^ 
20-Pin PCC 

Serial, S.P.I. 

ML2221C* 

12 + Sign 

±1 

8.5kHz, ±5.0V SINE, 

S/N 72dB 

44 

±5 (±5%) 

X 

X 


16-Pin DIP, 
20-Pin PCC 

Serial, S.P.I. 

ML2222B* 

12 + Sign 

±3/4 

12kHz, ±2.5V SINE, 

S/N 72dB 

35 

±5 (±5%) 

X 

X 


16-Pin DIP, 
20-Pin PCC 

Serial, CODEC 

ML2222C* 

12 + Sign 

±1 

12kHz, ±2.5V SINE, 

S/N 72dB 

35 

±5 (±5%) 

X 

X 


16-Pin DIP, 
20-Pin PCC 

Serial, CODEC 


* Future Products 
Note 1. Temperature Range: 

C = 0"C to +70°Q I = -40°C to +85°C, M = -55°C to +125°C 
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A/D Converters 


Part 

Number 

Resolution 

(Bits) 

Non 

Linearity 
(Max LSB) 

Dynamic Performance 
Signal to Noise Ratio 

Conversion 

Time 

(/us) 

Power 

Supplies 

(V) 

Temperature 

Range’ 

C 1 M 

Package 

Comments 

ML2223B* 

12 + Sign 

; ±3/4 ^ " 

8.5kHz, ±5.0V SINE, 

S/N 72dB 

44 

±5 (±5%) 

X 

X 


16-Pln Dll^ 
20-Pin PCC 

Serial, ASYNC 

ML2223C* 

12 + Sign 

■±1 

8.5kHz, ±5.0V SINE, 

S/N 72dB 

44 

±5 (±5%) 

X 

X 


16-Pin DIP, 
20-Pin PCC 

Serial, ASYNC 

ML2230B 

12 + Sign 

±3/4 

12kHz, ±2.5V SINE, 

S/N 72dB - 

31.5 

±5 (±5%) 

X 

24-Pin DIP, 

/iP Comp, 

8-Bit Bus 

ML2230C 

12 + Sign 

■ '±1 ■; 

12kHz, ±2.5V SINE, 

S/N 72dB 

31.5 

±5 (±5%) 

X " 

24-Pin DIP, 

H? Conrip, 

8-Bit Bus 

ML2230D 

12 + Sign 

±1 

8.5kHz, ±2.5V SINE, 

S/N 72dB 

44 

±5 (±5%) 

X 

24.Pin DIP, 

Comp, 

8-Bit Bus 

ML2233B 

12 + Sign 

±3/4 

12kHz, ±2.5V SINE, 

S/N 72dB 

31.5 

±5 (±5%) 

X 

28-Pin DIP, 

H? Comp, 

16-Bit Bus 

ML2233C 

12 + Sign 

±1 

12kHz, ±2.5V SINE, 

S/N 72dB 

31.5 

±5 (±5%) 

X 

28-Pin DIR 

H? Comp, 

16-Bit Bus 

ML2233D 

12 + Sign 

±1 

8.5kHz, ±2.5V SINE, 

S/N 72dB 

44 

±5 (±5%) 

X 

28-Pin DIP, 

fj? Comp, 

16-Bit Bus 

ML2252B 

8 

±1/2 

51kHz, 5VSINE, 

S/N 47dB 

6.6 

5 (±10%) 

X 

X 

X 

20-Pin DIP, 
20-Pin PCC 

fi? Comp, 

2-CH 

ML2252C 

8 

, , ±1 . 

51kHz, 5V SINE, 

S/N 47dB 

6.6 

5 (±10%) 

X 

X 

X 

20-Pin DIP, 
20-Pin PCC 

jj? Comp, 

2-CH 

ML2258B 

8 

.. ±1/2 . 

51kHz, 5V SINE, 

S/N 47dB 

6.6 

5 (±10%) 

X 

X 

X 

20-Pin DIR 
20-Pin PCC 

//P Comp, 

8-CH 

ML2258C 

8 

±1 

51kHz, 5V SINE, 
S/N47dB ' 

6.6 

5 (±10%) 

X 

X 

X 

20-Pin DIP, 
20-Pin PCC 

H? Comp, 

8-CH 

ML2259B 

8 

±1/2 

51kHz, 5V SINE, .. 

S/N 47dB 

6.6 

5 (±10%) 

X 

X 

X 

28-Pin DIR 
28-Pin PCC 

Comp, 

8-CH 

ML2259C 

8 

±1 

51kHz, 5VSINE, 
S/N47dB : 

6.6 

5 (±10%) 

X 

X 

X 

28-Pin DIR 
28-Pin PCC 

//P Comp, 

8-CH 

ML2261B 

8 

±1/2 ... 

250kHz, 5V SINE, 

S/N 48dB 

.67 

5 (±5%) 

X 

X 


20-Pin DIR 
20-Pin PCC 

fj? Comp, 

RD/WR 

ML2261C 

8 

;■ ±1 

250kHz, 5V SINE, 

S/N 48dB 

.67 

5 (±5%) 

X 

X 


20-Pin DIP, 
20-Pin PCC 

fjP Comp, 

RD/WR 

ML2264B 

8 

±1/2 

250kHz, 5V SINE, 

S/N 48dB 

.68 

.5 (±5%) 

X 

X 

X 

24-Pin DIR 
24-Pin SOIC 

//P Comp, RD/WR, 
4-CH Mux 

ML2264C 

8 

. .±1 

, 

250kHz, 5V SINE, 

S/N 48dB 

.68 

5 (±5%) 

X 

X 

X 

24-Pin DIP, 
24-Pin SOIC 

//P Comp, RD/WR, 
4-CH Mux 

ML2271B* 

10 

±1/2 

1 

150kHz, 5V SINE, 

S/N 60dB 

1.5 

5 (±5%) 

X 

X 

X 

20-Pin DIP, 
20-Pin SOIC 

fj? Comp, 

RD/WR 

ML2271C* 

10 

I 

. ±1 

150kHz, 5V SINE, 

S/N 60dB 

1.5 

5 (±5%) 

X 

X 

X 

20-Pin DIP, 
20-Pin SOIC 

^fP Comp, 

RD/WR 

ML2280B 

8 

±1/2 

51kHz, 5V SINE, 

S/N 47dB ■ 

6.6 

5 (±10%) 

X 

X 

X 

8-Pin DIP 

Serial I/O, 

Single CH 

ML2280C 

8 

±1 

51kHz, 5V SINE, 
S/N47dB 

6.6 . 

5 (±10%) 

X 

X 

• X 

8-Pin DIP 

Serial I/O, 

Single CH 

ML2281B 

8 

±1/2 

51kHz, 5V SINE, 

S/N 47dB 

6.6 

5 (±10%) 

X 

X 

X 

8-Pin DIP 

Serial I/O, 

Single CH 

ML2281C 

8 

±1 

51kHz, 5V SINE, 

S/N 47dB 

6.6 

5 (±10%) 

X 

X 

X 

8-Pin DIP - 

Serial I/O, 

Single CH 

ML2282B 

8 

±1/2 

47.5kHz, 5V SINE, 
S/N47dB 

6.6 

5 (±10%) 

X 

X 

X 

8-Pin DIP 

Serial I/O, 

2-CH 

ML2282C 

8 

.. ±1 

47.5kHz, 5V SINE, 

S/N 47dB 

6.6 

5 (±10%) 

X 

X 

X 

8-Pin DIP 

Serial I/O, 

2-CH 


* Future Products 
Note 1. Temperature Range: 

C = O^C to +70°Q I = -40°C to +85°C, M = -55°C to +125®C 


Micro Linear 
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A/D Converters 


Part 

Number 

Resolution 

(Bits) 

Non 

Linearity 
(Max LSB) 

Dynamic Performance 
Signal to Noise Ratio 

Conversion 

Time 

(//s) 

Power 

Supplies 

(V) 

Temperature 

Range’ 

C 1 M 

Package 

Comments 

ML2283B 

8 

±1/2 

36.5l<Hz, 5V SINE, 

S/N 47dB 

6.6 

5 (±10%) 

X 

X 

X 

14-Pin DIP 

Serial I/O, 

4-CH 

ML2283C 

8 

±1 

36.5kHz, 5V SINE, 

S/N 47dB 

6.6 

5 (±10%) 

X 

X 

X 

14-Pin DIP 

Serial I/O, 

4-CH 

ML2284B 

8 

±1/2 

39kHz, 5V SINE, 

S/N 47dB 

6.6 

5 (±10%) 

X 

X 

X 

14-Pin DIP 

Serial I/O, 

4-CH 

ML2284C 

8 

±1 

39kHz, 5V.SINE, 

S/N 47dB 

6.6 

5 (±10%) 

X 

X 

X 

14-Pin DIP 

Serial I/O, 

4-CH 

ML2288B 

8 

±1/2 

36.5kHz, 5V SINE, 

S/N 47dB 

6.6 

5 (±10%) 

X 

X 

X 

20-Pin DIP, 
20-Pin PGC 

Serial I/O, 

8-CH 

ML2288C 

8 

±1 

36.5kHz, 5V SINE, 

S/N 47dB 

6.6 

5 (±10%) 

X 

X 

X 

20-Pin DIP, 
20-Pin PCC 

Serial I/O, 

8-CH 


* Future Products 
Note 1. Temperature Range: 

C = 0°C to +70'’Q I = -40°C to +85°Q M = -55°C to +125''C 


Micro Linear 
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Me^Micro Linear D/A Convertei^ 

Selection Guide 


Part 

Number 

:-- 1 

Resolution 

(Bits) 

Non 

Linearity 
(Max LSB) 

Settling 

Time 

(/US Max) 

Power 

Supplies 

(V) 

Reference 

(V) 

Output 

Voltage 

(V) 

Temperature 

Range 

C 1 M 

Package 

Comments 

ML2340B 

8 

(11-bits with 
gain ranging) 

+V4 

5 

Single 5 or 12, 
dual ±5 

2.25 or 4.50 

Rail-to-rail, 

bipolar, 

unipolar 

X 

X 

X 

18-pin DIP 
18-pin SOIC 

Flow through, 
or single 
buffered data 

ML2340C 

^ 1 
(11-bits with 
gain ranging) 

, ±y2 

5 

Single 5 or 12, 
dual +5 

2.25 or 4.50 

Rail-to-rail, 

bipolar, 

unipolar 

X 

X 

X 

18-pin DIP 
18-pin SOIC 

Flow through, 
or single 
buffered data 

ML2341B 

8 

(11-bits with 
gain ranging) 

+V4 

- 5- 

Single 5 or 12, 
dual +5 

2.25 or 4.50 

Rail-to-rail, 

bipolar, 

unipolar 

X 

X 

X 

20-pin DIP 
20-pin PCC 

Double or single 
buffered data 

ML2341C 

8 

(11-bits with 
gain ranging) 

± 1/2 

5 

Single 5 or 12, 
dual ±5 

2.25 or 4.50 

Rail-to-rail, 

bipolar, 

unipolar 

X 

X 

X 

20-pin DIP 
20-pin PCC 

Double or single 
buffered data 

ML2350B 

8 

(11-bits with 
gain ranging) 

±1/4 

5 

Single 5 or 12, 
dual ±5 

2.50 or 5.00 

Rail-to-rail, 

bipolar, 

unipolar 

X 

X 

X 

18-pin DIP 
18-pin SOIC 

Flow through, 
or single 
buffered data 

ML2350C 

8 

(11-bits with 
gain ranging) 

±V2 

5 

Single 5 or 12, 
dual ±5 

2.50 or 5.00 

Rail-to-rail, 

bipolar, 

unipolar 

X 

X 

X 

18-pin DIP 
18-pin SOIC 

Flow through, 
or single 
buffered data 

ML2351B 

8 

(11-bits with 
gain ranging) 

+Va 

5 

Single 5 or 12, 
dual ±5 

2.50 or 5.00 

Rail-to-rail, 

bipolar, 

unipolar 

X 

X 

X 

20-pin DIP 
20-pin PCC 

Double or single 
buffered data 

ML2351C 

8 

(11-bits with 
gain ranging) 

±V2 

5 

Single 5 or 12, 
dual ±5 

2.50 or 5.00 

Rail-to-rail, 

bipolar, 

unipolar 

X 

X 

X 

20-pin DIP 
20-pin PCC 

Double or single 
buffered data 


* Future Products 
Note 1. Temperature Range: 

C = 0°C to +70°Q I = -40°C to +85°Q M = -55°C to +125°C 
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ML2200, ML2208 


12-Bit Plus Sign Data Acquisition Peripheral 


GENERAL DESCRIPTION 

The ML2200 and ML2208 Data Acquisition Peripherals (DAP) 
are monolithic CMOS data acquisition subsystems. These 
data acquisition peripherals feature an input multiplexer, a 
programmable gain instrumentation amplifier, a 2.5 V 
bandgap reference, and a 12-bit plus sign A/D converter with 
built-in sample-and-hold. In addition to a general purpose 
8-bit microprocessor interface, the ML2200 and ML2208 
include a programmable processor, data buffering, a 16-bit 
timer, and limit alarms. 

The ML2200B and ML2208B self-calibrating algorithmic 
A/D converters have a maximum non-linearity error 
over temperature of 0.018% of full-scale, while the 
ML2200C, ML2200D, ML2208C, and ML2208D have a 
maximum non-linearity error over temperature of 
0.024%. , 

The ML2200 has a four channel differential input multiplexer 
and the ML2208 has an eight channel single ended input 
multiplexer. 

The digital interface, with software-alterable configurations, is 
designed to off-load the microprocessor. Control of the DAP 
is autonomously handled through the control sequencer 
which receives its instructions from the instruction RAM. 


FEATURES 

■ Resolution 12 bits -t- sign 

■ Conversion time 

(including S/H acquisition) Sl.Bfjs max 

■ Sample-and-hold acquisition 23fAS max 

■ Non-linearity error ±y4LSB and ±1LSB max 

■ Low harmonic distortion 0.01% 

■ No missing codes 

■ Self-calibrating —maintains accuracy overtime and 
temperature 

■ Inputs withstand l7V| beyond supplies 

■ Internal voltage reference 2.5V ±27o 

■ Four differential or eight single-ended input channels 

■ Data buffering (8 word data RAM) 

■ Programmable limit alarm 

■ 8-Bit microprocessor interface—interrupt, DMA, or 
polling 

■ 16-Bit timer for programmable conversion rates 

■ Standard hermetic 40-pin DIP 


ML2208 BLOCK DIAGRAM 


Vref VtemP 

AVcc AGND OUT OUT Vss 



DO 

D1 

D2 

D3 

D4 

D5 

D6 

D7 


INT/i^ 

DBR 

AO 

A1 

A2 

ALE 

WR 

CS 
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ML2200, ML2208 


ML2200 BLOCK DIAGRAM 



BLOCK SCHEMATIC DIAGRAM 



SECONDARY REGISTERS PRIMARY REGISTERS 

(ACCESS BY USE OF REG. POINTER) (DIRECTLY ACCESSIBLE) 


Figure 1. Block Schematic Diagram 
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ML2200, ML2208 


PIN DESCRIPTIONS 


PIN NO. NAME 

FUNCTION 

PIN NO. 

NAME 

FUNCTION 

1 

AGND 

Analog Cround. 

28 

DBR 

Data Buffer Ready output active 

2 

Vtemp 

Voltage output proportional to the 



high indicates that a sequence of 



die temperature. 



operations has completed and 

3 

Vref 

Internal voltage reference output 



data is ready to transfer. DBR is not 

4-11 

CH 

Analog Inputs. 



maskable. It can be used to gener¬ 



ML2200— Positive or negative 



ate an interrupt in addition to the 



input of four differential inputs 



INT pin when the DBRIE bit in the 



ML2208 — Eight single ended in¬ 



interrupt mask register has not 



puts referenced to common pin. 



been enabled. DBR is the DMA 



Digitally selected by control 



request pin when DMA mode is 



sequencer. 



enabled. DBR is not active unless 

12 

NC 

ML2200 —No connection. 



in run mode and at least one se¬ 


COM 

ML2208 — Negative common 



quence of operations has been 



input for the eight input channels. 



completed. DBR remains active in 



Tie to analog ground or (Vss +2.5) 



the halt mode if not acknowl¬ 



to (AVcc-2.5V) 



edged; low during reset time and 

13 

Vss 

Negative power supply; decouple 



power-down. 



toACND. 

29 

DCND 

Digital Cround. 

14 

Pdn 

Power-Down Input. When 

30 

CLK 

Clock input. Drive with an external 



Pdn = 0/ device in power-down 



clock or crystal reference to 



mode with register contents 



DCND. The crystal must be paral¬ 



retained if AVcc >2.0V. 



lel resonant with minimum capaci¬ 

15 

NC 

No Connection. 



tive loading (i.e.. No bypass caps 

16-19 

D7, D6, D5, D4 

Bidirectional data bits. 



should be used and leads should 

20 

DCND 

Digital Cround. 



be kept short). 

21 

DVcc 

Digital power supply. Tie to AVcc 

31 

RESET 

Active low hardware reset with 



from same power supply. 



internal pull up resistor of 200 K. 

22-25 

D3, D2, D1, DO 

Bidirectional data bits. 



Tie to system reset line or to 

26 

SYNC 

In the slave mode, SYNC is a 



grounded capacitor. The capacitor 



positive edge triggered input used 



size (usually >6|iiF) is based on the 



to start a conversion. In master 



time the power supplies stabilize. 



mode, SYNC is an output and 



to the time reset voltage reaches 



indicates a conversion has 



1.4V(>400ms). 



occurred. 

32 

Tclk 

External timer, T^lk's used as 

27 

INT 

Interrupt output. A maskable inter¬ 



external clock input for the 16-bit 



rupt programmable to be active 



timer when the Tclk bit in the 



high or low or will default to active 



control register is set to one. 



high. INT will not clear until ac¬ 

33 

ALE 

Address latch enable, active low 



knowledged in halt mode; not 



latch_^ information on AO, A1, A2 



affected by the run or halt state. 



and CS. Tie to AVcc to disable use 



INT = 0 during reset and inactive 



when separate address and data 



during Pdn. 

34 

A2 

bus are used. 

Address 2 




35 

A1 

Address 1 




36 

AO 

Address 0 




37 

CS 

Chip select, active low 




38 

RD 

Read, active low enables ML2200 
or ML2208 to drive data bus. 




39 

WR 

Write, active low allows writing 
into the registers. 




40 

AVcc 

Positive analog Power supply. De¬ 
couple to ACND. Tie to DVcc 
from same power supply 



Micro Linear 
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ML2200, ML2208 


PIN CONNECTIONS 


ML2200 ML2208 

40-PIN DIP 40-PIN DIP 


AGND [ 

1 

"TIT- 

40 

] AVcc 

AGND [ 

1 


40 

] AVcc 

Vtemp [ 

2 


39 


Vtemp [ 

2.V ■ 


39 

] m 

Vref [ 

3 


38 


Vref [ 

3 


38 

] m 

CHO-f [ 

4 


37 

]g 

CHO [ 

4 


37 

]cs 

CHO- [ 

5 


36 

] AO 

CHl[ 

5 


36 

] AO 

CH1+ [ 

6 


35 

]ai 

CH2[ 

6 


35 

]ai 

CHI - [ 

7 


34 

]a2 

CH3[ 

7 


34 

]a2 

CH2+ [ 

8 


33 

] ALE 

CH4[ 

8 


33 

] ALE 

CH2- [ 

9 


32 

] Tclk 

CH5[ 

9 


32 

[] Tclk 

CH3+ [ 

10 


31 

] St 

CH6[ 

10 


31 

] RESET 

CHS - [ 

11 


30 

]CLK 

CH7[ 

11 


30 

] CLK 

NC [ 

12 


29 

] DGND 

com[ 

12 


29 

] DGND 

Vss[ 

13 


28 

] DBR 

Vss[ 

13 


28 

] DBR 

Pdn 

14 


27 

] INT/INT 

Pdn [ 

14 


27 

] INT/i^ 

NC [ 

15 


26 

] SYNC 

NC [ 

15 


26 

] SYNC 


16 


25 

] DO 

D7[ 

16 


25 

] DO 

D6 [ 

17 


24 

]d, 

D6 [ 

17 


24 

]D, 

D5[ 

18 


23 

] D2 

D5 [ 

18 


23 

] D2 

D4 [ 

19 


22 

] D3 

P4 [ 

19 


22 

] D3 

DGND [ 

20 


21 

] DVcc 

DGND [ 

20 


21 

] DVcc 


TOP VIEW TOP VIEW 


ABSOLUTE MAXIMUM RATINGS 

(Note 1) 


Supply Voltages (AVcc and DVcc) .... • 6.0 V 

Negative Supply Voltage (Vss) ... -6.0 V 

Voltage at Analog Inputs ..Vss-7V to AV^c +7V 

Voltage at Vr^p .... Vss - 7 V ^o AVqc +7 V 

Input Current per Digital Pin. ±10mA 

InputCurrentat Analog Inputs .. ±20mA 

Storage Temperature Range .- 65°C to -i-150°C 

Package Dissipation @ 25° C ..1W 

Lead Temperature (Soldering 10 sec.) 

Dual-ln-Line Package (Ceramic) ..... 300°C 


OPERATING CONDITIONS 

(Note 2) 


Temperature Range ..... Tmin ^ Ta < Tmax 

ML2200BCJ, ML2200CCJ, ML2200DCj . 0°C to 70°C 

ML2208BCJ, ML2208CCj, ML2208DCJ . 0°C to 70°C 

Supply Voltage (AVcc and DVcc) . 4.5 Vqc to 6.0 Vdc 

Negative Supply Voltage (Vss) • • • .. -4.5 Vdc to -6.0 Vdc 
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ML2200, ML2208 


ELECTRICAL CHARACTERISTICS 

The following specificatidns apply for AVcc = DVcc = ‘•‘SV + 5%, Vss - -5V ± 5%, AGND = DGND = COM = CHX- = 
Oy Ta = Tmin fo Tmax unless otherwise specified. C^ = 100pF for DO-D^ Cl = 50pF for INT, DBR, and SYNC. 







TYP 



SYMBOL 

PARAMETER 

NOTES 

CONDITIONS 

MIN 

NOTE 3 

MAX 

UNITS 


Converter Characteristics 



Linearity Error 








ML2200BCJ, ML2208BCj 

4 

fcCLK = 0-1 ^ 7MHz 




LSB 


ML2200CCJ, ML2208CCj 


fcCLK = 0-1 ^ 7MHz 



±1 

LSB 


ML2200DCj, ML2208DCJ 


fccLK = 0.1 < 5MHz 



±1 

LSB 


Unadjusted Zero Error 

ML2200BCj, ML2208Bq 

4 




±3/4 

LSB 


ML2200CCj, ML2208CCJ 





±2 

LSB 


ML2200DCj, ML2208DCj 





±2 

LSB 


Unadjusted Positive and Negative 

Full Scale Error 

5 




±4 

LSB 


Zero Error Temperature Coefficient 




0.5 


ppm/°C 


Gain Temperature Coefficient 


External Reference 


3 


ppm/°C 


Common-Mode Rejection 

13 



80 


dB 


Analog Input Range 

5 

All Analog Inputs 

Vss-0.05 


AVcc+0.05 

V 


External Source Resistance 

5 

Channel = Analog Input 



2 

kQ 


for Analog Inputs 

5 

Channel = Voltage Reference 



0.5 

kO 


Differential Analog Input Range 

4 

CHX referred to COM 
for ML2208 

CHX+ referred to CHX- for 
ML2200 

-Yref 


+Vref 

V 


Off Channel Leakage Current 

5, 6 

On Chan = 2.5y 

Off Chan = -2.5V 

On Chan = -2.5V 

Off Chan = 2.5V 

-100 


+100 

nA 


On Channel Leakage Current 

5, 6 

On Chan = -2.5V 

Off Chan = 2.5V 

On Chan = 2.5V 

Off Chan = -2.5V 

-100 


+100 

nA 




Gain Error 


Cain = 2, 4, or 8 


0.03 


% 


Voltage Reference and Vjemp Characteristics 



Vref Absolute Value 

4 

Referred to AGND 

2.45 


2.55 

V 


Vref Output Pin 








Output Resistance 

5 




300 

mQ 


Minimum Load Resistance 

5 


1 



kO 


Maximum Load Resistance 

5 




50 

PF 


Temperature Coefficient 




50 


ppm/°C 


Line Regulation 


4.75 < AVcc ^ 5.25 


1 


mV 




-4.75 > Vss > -5.25 


1 


mV 


Load Regulation 


1/iA - 2.5mA 


1 


mV 


Output Noise 




100 


/^RMS 


Vtemp Output Pin 




AVcc-1.5 


V 


Absolute Value @ 25°C 

Volts per °C 




5 


mV/°C 


icro Linear 
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ML22Q0, ML2208 


ELECTRICAL CHARACTERISTICS (Continued) ■ • 

The following specifications apply for AVcc = DVcc = +5V ± 5%, Vss = -5V ± 5%, AGND = DGND = COM s= GHX- = 
OV, Ta = Tmin to Tmax unless otherwise specified. Cl = 100pF for D0-D7; Cl = 50pF for I NT/ DBR, and SYNC. " 







TYP 



SYMBOL 

PARAMETER 

NOTES 

CONDITIONS 

MIN 

NOTE 3 

MAX 

UNITS 


DC Characteristics 



Power Supply Current 

Alro Analog AVrr 

4 



1- 

1 ;■ 30 

■50^ 

mA 


DIcc/ Digital DVcc 

12 

RD = CS = V|h 


10 


M 


•ss/ Yss 

4 



1 18' ' 

30. ' 

mA 

'cc 

Standby Current AVcc + DVcc 

4, 9 

Pdn P'o = GND 


10 

1000 

M 

•ss 

Standby Current 

VccpD Minimum AVcc DVcc for 




10 

1000 

M 


power-down data retention 


Pdn pin = GND 

Vss = -5.25 to GND 

2 

I ■ 


V 


Power Supply Rejection 

AVcc/DVcc 

7 

DC 


80 


dB 




DC to 25kHz, 200mVp_p 


1 50 


dB 


Vss 


DC 


80 1 


dB 




DC to 25kHz, 200mVp_p 


50 


dB 

V,L 

Input Low Voltage (except CLK, Iclk) 

4 




0.8 

V 

V,L1 

Input Low Voltage (CLK, tcLK) 

4 



. , 

0.8 

V 

V,H 

Input High Voltage (except CLK, tcLK) 

,4' 


2.0 



V 

V,H1 

Input High Voltage (CLK, tciK) 

4 


-3.5 ' 

--^ 


V 

Yql 

Output Low Voltage 

4 

loL = 2.0mA 



0.45 

V 


Output High Voltage 

5 

Iqh = -1mA 

4.0 



V 

II 

Input Leakage Current (except CLK 
and RESET) 

4 

GND < V,N < Vcc ! 



' :;±10 

fjA 


Input Leakage Curent (CLK) 

4 

GND < V|N < Vcc 



±200 

M 

Ilo 

Output Leakage Curent (D0-D7) 

4 

^ = <^ = V|H 



±10 

/jA 

Irst 

RESET Pin Source Current 

4 

RESET = OV 

15 

50 

100 

UA 

C, 

Input Capacitance (All Digital Inputs) 




10 


PF 

Co 

Output Capacitance (All Outputs and 
D0-D7) 



_ 1 

20 


pF 


AC Electrical Characteristics (Note 8) 


fc 

Conversion Time 

4, 9 

CLK Mode = 0 

fcLK = 7.0MHz 

31.5 



fJS 





fcLK = 5.0MHz 

44.0 



fJS 


Sample and Hold Acquisition 

! 4, 9 

CLK Mode = 0 

fcLK = 7.0MHz 



1 2.3 

yws 





fcLK = 5.0MHz 



3.2 

yUS 

SNR 

Signal-to-Noise Ratio 


V = 10kHz, 2.5V Sine. 
fcLK = 7MHz 

(fsAMPLiNG “ 31.8kHz). Noise is 
sum of all nonfundamental 
components up to y 2 of 
fsAMPLING- 

1 -^-- 

' 

73 


dB 

THD 

Total Harmonic Distortion 


V = 10kHz, 2.5V Sine. 
fcLK = 7MHz 

(fsAMPLiNG 31.8kHz). THD is 
sum of 2, 3, 4, 5 harmonics 
relative to fundamental. 


■ '■ -75 ' 


dB 
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ML2200, ML2208 


ELECTRICAL CHARACTERISTICS (Continued) 

The following specifications apply for AVcc = DVcc = +5V ± 5%, Vss = -5V ± 5%, AGND = DGND = COM = CHX- = 
Oy Ta = Tmin fo Tmax unless otherwise specified. Cl = 100pF for D0-D7, Cl = 50pF for INX DBR, and SYNC. 







TYP 



SYMBOL 

PARAMETER 

_^_1 

NOTES 

CONDITIONS 

MIN 

NOTE 3 

MAX 

UNITS 


AC Electrical Characteristics (Note 8) (Continued) 


IMD 

Intermodulation Distortion 


ViN = fA + U = 9kHz, 1.25V 
sine, fe = 10kHz, 1.25V sine. 
fcLK = 7MHz 
(fsAMPLING = 31.8kHz). 

IMD is (f^ + fe), 

(^A - fe)/ (2fA - fe)/ (2fA - fe)/ 

(fA + 2fB), (fA - 2fB) relative 
to fundamental. 


-75 


dB 

FR 

Frequency Response 


V,N = 0 to 10kHz, 2.5V sine 
relative to 1kHz 


0.01 


dB 

I'CLK 

CLK Frequency 

4 

(no crystal) 

0.1 


7 

MHz 

^CLKX 

CLK Frequency 

4 

(crystal) 

3 


7 

MHz 

fcLKI 

internal CLK Frequency 




1/2 


fcLK or 
fcLKX 

fcLKT 

CLK Frequency (t^LK only) 

4 




fcLKI 

MHz 

^CLKW 

Minimum Clock F^igh/Low Width 
(CLK) 

5 


50 

■ ' 


ns 

tCLKWT 

Minimum Clock Ftigh/Low Width 
(tCLK) 

5 


75 



ns 

tRF 

Maximum Rise/Fall Times, All Inputs 

5 




25 

ns 

Preset 

Minimum Reset Active Time 

4, 10 


10 



fcLKi 

Periods 

tpDN 

Power-Up Time 

_i 

Time After = V|h 


_1_1 


ms 


Multiplexed Data Bus Timing 


Ul 

Address to ALE Setup Time 

4 


i - 1 

20 



ns 

Ca 

Address Hold Time After ALE 

4 


20 



ns 

kc 

Latch to RD or WR Control 

4 


20 

1 


ns 

^RD 

Valid Data Delay from Read 

4 




150 

ns 

Ud 

Address Stable to Valid Data 

5 


150 



ns 

tlL 

ALE Width 

4 


80 



ns 

tpE 

Data Bus Float After Read 

4 


10 


50 

ns 

tCL 

Read or Write Control to ALE 

4 


20 



ns 

tcc 

Read or Write Control Width 

4 


150 



ns 

^DW 

Data Setup Time for Write 

4 


100 



ns 

%D 

Data Hold Time for Write 

4 


0 


_ 

ns 

^RV 

Recovery Time Between Two Reads 
or Writes 

4 


250 



ns 


Non*Multiplexed Data Bus Timing 


Ud 

Address Stable to Valid Data 

5 


150 



ns 

Ur 

Address Stable Before Read 

4 


0 



ns 

tRA 

Address Hold Time for Read 

4 


0 



ns 

Ur 

Read Pulse Width 

4 


150 



ns 

Ud 

Data Delay from Read 

4 




150 

ns 

Tdf 

Read to Data Float 

4 


10 

-1 

_I 

50 

ns 


Micro Linear 
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ML2200, ML2208 


ELECTRICAL CHARACTERISTICS (Continued) 

The following specifications apply for AVcc = DVcc = +5V ± 5%, Vss = -5V ± 5%, AGND = DGND = COM = CHX- = 
Oy Ta = Tmiist to Tmax unless otherwise specified. Cl = lOOpF for D0-D7; Cl = 50pF for INi; DBR, and SYNC. 







TYP 



SYMBOL 

PARAMETER | 

NOTES 

CONDITIONS 

MIN 

NOTE 3 

MAX 

UNITS 


Non-Muitiplexed Data Bus Timing 


tRV 

Recovery Time Between Two Reads 
or Writes 

4 


250 



ns 

Uw 

Address Stable Before Write 

4 


0 



ns 

tWA 

Address Hold Time for Write 

4 


0 



ns 

tww 

Write Pulse Width 

4 


150 



ns 

tow 

Data Setup Time for Write 

4 


100 



ns 

tWD 

Data Hold Time for Write 

4 


0 



ns 


DMA Interrupt and SYNC Timings 


tCKDBR 

Clock to DBR Assert 

11, 4 

DMA 

. 

120 

180 

ns 

tRDD 

Read to DBR Negation on Last Byte 

4 



110 

160 

ns 

tCKDBR 

Clock to DBR or tcKiNT/ •NT Assert 

11, 4 

Non-DMA 


100 

180 ■ 

ns 

twRDBR 

Write to DBR or twRiNT INT Negation 

11, 4 



70 

120 

ns 

tCKSYNC 

Clock to SYNC Delay 

11,4 

Master Mode 

„ 

150 

200 

ns 

tSYNCN 

SYNC Input Width 

5 

i 

3 


1 

fcLKi 

^SYNCCK 

SYNC to Clock Setup 

4 

-:-;- 

Slave: Mode 4 Only 

50 



ns 

tSYNCO 

Minimum SYNC Output Width 

4 


4 


4 

fcLKI 


Note 1: Absolute maximum ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless otherwise 
specified are measured with respect to ground. 

Note 2: 0°C to +70°C operating temperature range devices are 100% tested with temperature limits guaranteed by 100% testing, sampling, or 

by correlation with worst-case test conditions. 

Note 3: Typicals are parametric norm at 25°C. 

Note 4: Parameter guaranteed and 100% production tested. 

Note 5: Parameter guaranteed. Parameters not 100% tested are not in outgoing quality level calculation. 

Note 6: Leakage current is measured with the clock not switching. 

Note 7; Power supply rejection is the ratio of the change in zero error to the change in power supply voltage. 

Note 8: All parameters measured from 0.8V to 2.0V. 

Note 9: Power-down current is with power-down pin at GND potential only. Any other level will dissipate more power. Other digital input 
pins may float but cannot be above Vqq or below GND. 

Note 10: RESET should be held active for at least 10 internal clocks after power supplies have stabilized to within 5% of 5V. 

Note 11: Since the internal master clock is the input clock divided by 2, this number can be either the maximum listed or the maximum listed 
plus Vi the input clock period. 

Note 12: When RD = CS ^ Vjl, the current into the DV^c pin depends on the load on the data bus pins DO-DZ 

Note 13: Common-Mode rejection is the ratio of the change in zero error to the change in common-mode input voltage. 
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TtMING DIAGRAMS 



■^tLA-^j 



— tDF 

['♦tAL-*' 





f 

ALE ^ 

^tLL-^ 

l^tRD-*- 


h*tcL-^ 



DATAVALtD 
-tow—►] 


-tcc-H ^^tRv- 


READ CYCLE 
-tAD-► 


-tRV-|-^tRD- 

HIGHZ 


Figure 2. Multiplexed Bus 
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Figure 3. Non-Multiplexed Bus 
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TIMING DIAGRAMS (Continued) 



THERE ARE 2*n READ OPERATIONS WHERE n IS THE NUMBER 
OF WORDS TO BE TRANSFERRED, DBR IS SET AND CLEARED BY 
INTERNAL CIRCUITRY. 


NOTE: DMA BIT IN THE CONTROL REGISTER MUST BE SET FOR 
THISOPERATION. 




-tCKDBRORtCKINT 


-SL 

tWRDBR ORtwRINT 




Figure 4. DMA Mode 


Figure 5. DBR and INT (Non-DMA Mode) 


MASTER MODE 


SLAVE MODE 




tCKSYNC- 


_ 


-^tCKSYISIC 


tSYNCCK 


SYNC IN 

1 \ 

^ -tsYNCO-► 


-tsYNCN-►! 


Figure6. SYNC 


1.0 FUNCTIONAL DESCRIPTION 

1.1 Algorithmic A/D Converter 

Micro Linear's algorithmic converter uses a successive ap¬ 
proximation technique. Most of today's successive approxi¬ 
mation converters use a DAC to feed back the approximated 
signal, however this technique requires more circuitry than 
algorithmic converters. In addition the values of all of the 
resistors or capacitors in the DAC must be matched to within 
the accuracy of the converter. This is difficult to do in silicon 
beyond 10 bits unless trimming is used. An algorithmic con¬ 
verter uses less circuitry and is more easily trimmed. Micro 
Linear's algorithmic converter is implemented using a 2x 
amplifier, a sample/hold amp, and a comparator as shown 
in Figure 7. 



The input sample is first multiplied by two then compared to 
the reference voltage. If the 2 x input voltage is greater than 
the reference, the MSB is a 1 and the reference voltage Is 
subtracted from the 2 x input voltage. The remainder is 
stored in the sample-and-hold. If the 2 x input voltage is less 
than the reference, the MSB is a 0 and the 2 x input voltage is 
stored in the sample-and-hold. This process repeats again, 
however now the sample-and-hold voltage is multiplied by 2. 

Self-Calibration 

In order to maintain integral and differential linearity to the 
V 2 LSB level in an algorithmic converter two critical parame¬ 
ters need to be control led, loop offsets and the gain of the 
loop. Loop offsets are automatically nulled before each con¬ 
version using auto-zeroing circuitry on both the sampling 
amp and the 2x amp. The gain of the loop is adjusted using 
self-calibration. 

Self-calibrating the algorithmic converter, once the offsets 
have been nulled, is performed by measuring the 2 x gain of 
the loop and adjusting it. The gain can be measured by con¬ 
verting the reference voltage as the input as well as the refer¬ 
ence (Vref/Vref)/ 3f^cl examining the output code. 
Converting Vref should yield plus full-scale, since Vref/Vref 
should equal 1. If the gain of the loop is slightly less than 2, 
the resulting LSB of the conversion will be "0". If the magni¬ 
tude bits of the resulting conversion are all "Is", the gain may 
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be too great, therefore the gain is reduced to the point where 
the threshold of the LSB is reached. 

Adjustment of the 2 x gain is done with the binary weighted 
trim capacitor arrays connected to each of the 2C input ca¬ 
pacitors. A small value of capacitance is either added to or 
subtracted from the 2C input caps until the gain of the loop is 
within 13-bit accuracy of 2. 

1.2 Multiplexer Input 

The input voltage is ± 2.5 V relative to COM of the ML2208 
or a CH - of the ML2200. The input voltages under normal 
operation must not exceed supply voltages by 0.05 V. Each 
channel is selected by the programmable sequencer. 

1.3 Internal Voltage Reference and Vtemp 

The internal bandgap voltage reference with a temperature 
coefficient of 50ppm/°C has an external use current of 
2.5 mA. 

The voltage reference output is directly proportional to 
the chip temperature. 

1.4 Conversion Times 

The following table lists the conversion times which include 
the sample-and-hold acquisition time. For a CALRD and 
CALWR no A/D conversion actually takes place. 


Operation 

Number of 

Internal Clocks* 

8-bit A/D 

80 

13-bit A/D 

110 

CALWR 

52 

CALRD 

80 


^Internal clock is the external clock divided by two. 


1.5 Sample-and-Hold Timing 

Figure 8 shows the internal timing for the sample-and-hold 
circuitry. The relationship between the "Start of Conversion" 
and the input channel going into sample mode is fixed at 6 


internal clocks, regardless of the Start Mode. Six internal 
clocks after the Start of Conversion, the Sample-and-Flold is 
switched into the sample mode, placing two 9pF capacitors 
in parallel with the input pins; one on CH -h and one on CH - 
for the ML2200, and CH and COM for the ML2208. The 
sample switch is kept in the sample mode for 8 internal 
clocks (23ius at a 7MHz external clock), then placed in the 
hold mode. During the next 2 internal clocks the charge on 
the sample-and-hold is transferred into the A/ D, after which 
the Vref pin is sampled for 8 internal clocks. 

Figure 8 also illustrates the timing of the SYNC pin in Master 
Mode during a conversion. SYNC is activated one internal 
clock cycle before the Start of Conversion and lasts for four 
internal clocks. 

1.6 Analog Inputs 

Differential Inputs and Common-Mode Rejection 

The differential inputs of the ML2200 eliminate the effects of 
common-mode input noise (60 Hz, for example), as CH -f- 
and CH - are sampled at the same time. 

Noise 

The leads to the analog inputs should be kept as short as 
possible to minimize output noise. Noise as well as digital 
clocks can couple into the inputs and cause errors. Input 
filters can be used to reduce the effects of these sources. 

Power Supply Decoupling 

Low inductance tantalum capacitors of 1 ptF or greater and 
0.01p(F disc ceramic capacitors are recommended for bypass¬ 
ing AVcc as well as Vss to AGND. These capacitors should be 
placed close to the AVcc and Vss P'ns. 

2.0 /.(P HARDWARE INTERFACE 

The microprocessor interface is a byte-oriented structure 
which occupies eight memory or I/O locations in the 
microprocessor's address space. Each register is readable and 
writable via the chip select, read and write pins, three ad¬ 
dress lines, and 8-bit data bus. 


EXTERNAL 

CLOCK 


ruuuifijinjijuuifumjijihnjifuijuuuijijiji^ 


INTERNAL 

CLOCK 

NOTE1 


SYNC PIN 
(MASTER MODE) 
NOTE 2 



START OF CONVERSION 


NOTE: 

1. EXTERNAL CLOCK IN PHASE WITH INTERNAL CLOCK USING RESET. 

2, IMMEDIATE EXECUTE MODE WHERE START OF CONVERSION AND 
START OF OPERATION OCCUR AT THE SAME TIME. 


Figure 8. Sample-and-Hold Timing 
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Interfaces are shown for multiplexed address data bus in used, ALE can be tied high. All internal address and chip 

Figure 9 and Figure 10. When non-multiplexed interfaces are select latches are transparent. 



Figure 9. 8-Bit Multiplexed Bus Interface Figure 10. 16-Bit Multiplexed Bus Interface 


2.1 Interrupts 

The ML220Q and ML2208 provide two interrupt pins, one for 
control /status interrupts (INT), and one for data interrupts 
(DBR). The standard INT pin is maskable via an interrupt 
mask register while the DBR pin is always enabled to signify 
that data is available. DBR can be mapped into the INT pin if 
only one interrupt pin is desired. 

Tl^e interrupt pin (INT) can be programmed, via the Interrupt- 
Bit Mask register, to be active high, or active low. When pro¬ 
grammed for active high, it is driven in both directions. When 
INT is programmed for active low, it is an open drain output, 
therefore an external pull-up resistor of 2.5 kQ or more 
should be used. The DAP's Status register can be read to 
determine whether its interrupt is active or not. 


2.2 DMA 

The separate DBR pin can also serve as a DMA request signal 
when DMA operation is enabled in the Control register. DBR 
goes active high when the data buffer is full and ready to be 
read. DBR remains high until the last byte in the data buffer 
has been read. This allows back-to-back DMA cycles or sin¬ 
gle cycle transfers depending on howthe DMA controller is 
programmed. The data for the DMA cycle is transferred over 
the 8-bit data bus at address 0 (A0-A2 = 0). The ML2200 or 
ML2208 automatically places both high and low bytes of the 
16-bit wide data buffer at address 0 or 1 for the DMA control¬ 
ler to read. The LOBYT bit in the Control register specifies 
whether the high or low byte is placed on the bus first. Figure 
11 shows a block diagram interfacing to the 8237 DMA 
controller. 



Figure 11. DMA 1 nterface 
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3.0 REGISTER DEFINITIONS 

These data acquisition peripherals contain six directly ad¬ 
dressable 8-bit registers, and twenty indirectly addressable 16- 
bit registers. Figure 12 illustrates the register architecture while 
Figures 13,14 & 15 illustrate the bit maps and addresses. The 


first three primary registers (Window Low, Window FHigh, and 
Index) are used to access the 20 secondary registers. Window 
Low and Window High provide read/write access to the low 
and high bytes of the secondary register pointed to by Index. 


PRIMARY 


SECONDARY 


ADDRESS BIT 7 BIT 6 BITS BIT 4 BIT 3 BIT 2 BIT1 BITO 

READ/WRITE 


READ/WRITE 


READ/WRITE 


READ/WRITE 


READONLY 


WRITE ONLY 


READONLY 


SEQUENCE REGISTER 

* Writing this bit has no effect 
* * Write a zero to these bits 
read back ones DATA 



"t 


PS I D4 I D3 I D2 I D1 I 


DO 


WINDOW LOW REGISTER 
P13 I P12 I Dll I DIO I P9 I P8^ 


WINDOW HIGH REGISTER 


RS4 




RS2 


RSI 


RSO 


INDEX REGISTER 

SLFTST I TCLK | DMA | LOBYT | MSTR | RIJIN^ 


CONTROL REGISTER 
RNER I ISQ I OVRN [ ALRM | OVRG | DBR 


STATUS REGISTER 

rnerakI isqak |ovrnak|alrmak|ovrgak| DBRAK 


INTERRUPT ACKNOWLEDGE REGISTER 


INDEX 

REGISTER 

VALUE 

(RS4-RS0) UPPER BYTE LOWER BYTE 


01000 


D15 D8 

D7 DO 
















10000 I I I 


10001 [ 
10010 [ 

10011 [ 


( DATA RAM 

8 X 16A/D DATA (READ) 
16-BIT CAL (WRITE) 


( INSTRUCTION RAM 

8 X16 OPERATION REGISTERS 


16-BIT TIMER VALUE 

16-BIT ALARM A VALUE 
16-BIT ALARMS VALUE 
UPPER BYTE 

8-BIT INTERRUPT ENABLE 
LOWER BYTE 
8-BIT ALARM CRITERIA 


Figure 12. Register Architecture 


15 

14 

13 

12 

11 

10 

9 

8 

7 

6 

5 

4 

3 

2 

1 

0 

LAST 

ALRMEN 

MDE2 

MDE1 

MDEO 

CH2 

CHI 

CHO 

SC2 

SCI 

SCO 

GN1 

GNO 

REF2 

REFl 

_i 

REFO 


S-V----/‘S. 


MODE SELECT 
000 = IMEDIATE EXECUTE 
001 = INTRA SEQUENCE PAUSE 
010 = START ON NEXT TIMEOUT 
oil = PRESET TIMER/START ON 
TIMEOUT 

100= EXTERNAL SYNC/TIMER 
PRESET/TIMEOUT 
110= ILLEGAL 
111= ILLEGAL 


INPUT CHANNEL SELECT 
000 = CHANNEL 0 
001 = CHANNEL 1 
010 = CHANNEL 2 
011 = CHANNEL 3 

100 = ILLEGAL 

101 = ILLEGAL 

110 = ILLEGAL 

111 = ILLEGAL 


CYCLE SELECT 

000 = 16 BITS 

001 = 13 BITS 

010 = 8 BITS 

on = READ CAL CODE 

111 = WRITE CAL CODE 


GAIN SELECT 
00 = 1 
01 = 2 

10 = 4 

11 = 8 


REFERENCE SELECT 
000 = CHANNEL 0 
001 = CHANNEL 1 
010 = CHANNEL 2 
011 = CHANNEL 3 

100 = ILLEGAL 

101 = ILLEGAL 

110= INTERNAL Vref 
111 = ILLEGAL 


Figure 13. ML2200 Bit Map of Instruction RAM 


15 

14 

13 

12 

11 

10 

9 

8 

7 

6 

5 

4 

3 

2 

1 

0 

LAST 

ALRMEN 

MDE2 

MDE1 

MDEO 

CH2 

CHI 

CHO 

SC2 

SCI 

SCO 

GN1 

GNO 

REF2 

REFl 

1 REFO 1 


MODE SELECT 
000 = IMEDIATE EXECUTE 
001 = INTRA SEQUENCE PAUSE 
010 = START ON NEXT TIMEOUT 
Oil = PRESET TIMER/START ON 
TIMEOUT 

100= EXTERNAL SYNC/TIMER 
PRESET/TIMEOUT 
110= ILLEGAL 
111= ILLEGAL 


INPUT CHANNEL SELECT 
000 = CHANNEL 0 
001 = CHANNEL 1 
010 = CHANNEL 2 
011 = CHANNEL 3 

100 = CHANNEL 4 

101 = CHANNEL 5 

110 = CHANNEL 6 

111 = CHANNEL 7 


CYCLE SELECT 

GAIN SELECT 

REFERENCE SELECT 

000 = 16 BITS 

00 = 1 

000 = CHANNEL 0 

001 = 13 BITS 

01 = 2 

001 = CHANNEL 1 

010 = 8 BITS 

10 = 4 

010 = CHANNEL 2 

Oil = READ CAL CODE 

111 = WRITE CAL CODE 

11 = 8 

011 = CHANNEL 3 

100 = CHANNEL 4 

101 = CHANNEL 5 
110= INTERNAL Vref 
111 = ILLEGAL 


Figure 14. ML2208 Bit Map of Instruction RAM 
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SECONDARY REGISTER 19 RS4-RS0 = 10011 


15 

14 

13 

12 

11 

10 

9 

8 

7 

6 

5 

4 

3 

2 

1 

0 

INTL 

CLC PIE 

RNERIE 

ISQIE 

OVRNIE 

ALRMIE 

OVRGIE 

DBRIE 




ENB 

ENA ■ 

AND/OR 

ca 

y 

A 

>A/<A 


INTERRUPT ENABLE REGISTER ALARM CRITERIA REGISTER 

Figure 15. Interrupt Enable and Alarm Criteria Registers 


3.1 Primary Registers 


WRITE 


D7 

D6 

D5 

D4 

D3 

D2 

D1 

DO 



Window Low Register 


READ/ 

WRITE 

D15 

D14 

D13 

D12 

Dll 

DIO 

D9 

D8 


Window High Register 
Window Registers—Registers 0 and 1 

These registers form a two-byte window into the secondary 
registers. Window Low is the low byte of the secondary 16- 
bit word, and Window High is the high byte. Any one of the 
20 words in the secondary register set can be accessed by first 
setting a 5-bit address in the Index register, then reading from 
or writing to the Window registers. Sequential access of the 
secondary registers is also available without writing to the 
Index register via the AUTOI bit in the Index register. 

I ndex Register — Register 2 read/ 

WRITE 


AUTOI 



- 1 

RS4 

RS3 

RS2 

RSI 

RSO 


Index Register 

RSX = Secondary Register Address (Bits 0 to 4): The lower five 
bits of this register (RSO-RS4) define the location within the 
secondary register set that the window registers are posi¬ 
tioned at. 

Bits 5 and 6: Undefined. Writing to these bits have no effect, 
however a zero should be written; always read as ones. 

AUTOI = autoincrement (Bit 7): Setting AUTOI signifies that 
the lower five addressing bits in the Index register are auto¬ 
matically incremented after either the Window Low or Win¬ 
dow High register is accessed. Whether the auto-increment 
occurs when accessing Window Low or Window High regis¬ 
ter, is based on the LOBYT bit in the Control register. 

Interrupt Operation Caution!!! - Using the auto-increment 
feature with interrupt driven software deserves special atten¬ 
tion. A problem can arise when an interrupt service routine 
accessing the secondary registers, interrupts another routine 
accessing secondary registers. This problem can be avoided 
one of two ways: disable the interrupt in the main routine 
while accessing secondary registers, or reload the index regis¬ 
ter to its entry value when exiting the Interrupt routine' 

Note: The Index register is automatically cleared only under 
two conditions, one is a RESET, the other is when DMA mode 
is used. This register is reset to 0 in DMA mode just prior to 
the DMA request (DBR going active). DMA mode uses the 
Index register for operation, so the index register should 
never be written to when RUN and DMA are set. 


Control Register—Registers read/ 

WRITE 


CAL 

RESET 

SLFTST 

*CLK 

DMA 

LOBYT 

MSTR 

RUN 


Control Register 


RUN (BitO): Setting this bittoaone will cause thechipto 
start executing the operations defined in the Instruction 
RAM, beginning with location 0. This is referred to as the Run 
mode. Clearing this bit will place the ML2200 in the Halt 
mode. The run bit is initially cleared on power up or after a 
hardware or software reset. In order to properly start the chip 
operation, the RUN bit should be set after setting all other 
applicable bits in the control register. The act of halting the 
chip will always reset the sequence pointer to operation 0. 
Thus, the next time RUN is asserted, the chip starts from 
operation 0 again. Placing the chip in the Run or Halt mode 
has no effect on the Interrupt pins (INT and DBR), nor the 
status bits in the status register. It is recommended that sec¬ 
ondary registers only be written to in the Halt mode. Writing 
to secondary registers in the Run mode will cause the RNER 
status bit to be set, indicating a run error. All of the status bits 
in the Status register should be acknowledged (cleared) be¬ 
fore entering the Run mode. 

MSTR = master (Bitl): Indicates whether the SYNC pin will 
be an input or an output. If set the chip will enter the master 
mode of operation and the SYNC pin will become an output 
pin which puts out a sync pulse at the beginning of each 
operation. This serves as a signal for other slave chips that are 
used in a synchronous operating method. While in master 
mode, any operation requiring a sync input will not proceed, 
and the chip will "hang", waiting for a sync that will never 
come. The chip default Is slave mode with the SYNC pin as 
an input. 

LOBYT = low byte first (Bit 2): This bit is used to indicate 
which byte is accessed first in AUTOI or DMA operation. 
When this bit is set, the index register is incremented on the 
read or write of the Window High register. When this bit is 
clear, the index register is incremented on the read or write of 
the Window Low register. If DMA operation is specified, then 
setting this bit will make the low byte be output first, then the 
high byte, after which the index register is incremented. Con¬ 
versely, clearing this bit will output the high byte first, then 
the low byte, then increment the index register. The default is 
low. 

DMA = DMA Mode (Bit 3): When set enables DMA opera¬ 
tion. DMA operation proceeds as follows: 

1) The DMA bit must be set after defining all other registers 
(Instruction RAM, Alarm etc.) but prior to setting the RUN 
bit. The RUN bit is then set. 
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2) The sequence of operations in the Instruction RAM is 
executed. 

3) At the end of the sequence, the DBR pin goes true, re¬ 
questing DMA service, and the Index register is automati¬ 
cally cleared, pointing to the first location of the data 
buffer. 

4) Each read of either Window Low or Window High register 
outputs a byte from the data registers. The DMA controller 
can read Window Low register, or Window High register, 
or alternate between Window Low and Window High. 

The same data is placed in both Window Low and Win¬ 
dow High registers, and updated in both of them when 
either one is read. The data is placed in the Window regis¬ 
ters beginning with data word 0 and incrementing on up. 
The placement of the low byte/high byte order is based on 
the LOBYT bit in the Control register. The number of bytes 
transmitted equals twice the number of operations de¬ 
fined, since the words are 16 bits going over an 8-bit bus. 
DBR remains asserted until all of the bytes have been 
transmitted. It is negated on the leading edge of the last 
byte read pulse. DBR acknowledge (setting the DBRAK bit 
in the Status register) is not required when transferring 
bytes via DMA. 

The AUTOI bit does not have to be set when in the DMA 
mode. Setting the DMA bit forces the Index register to be 
auto-incremented in the Run mode. However if AUTOI is not 
set> then when in Halt mode auto-increment will not be 
enabled. If the AUTOI bit and DMA bit are both set, the auto¬ 
increment will occur in both the Run mode and the Halt 
mode. 

tcLK = enable external timer clock (Bit 4): When set, will 
divert the clock input for the internal sixteen bit timer to the 
tCLK P''^- When reset to 0, the timer runs at the internal chip 
clock frequency, which is 1 /2 of that generated at the CLK 
pin. 

SLFTST = self test (Bit 5): When set, the function of the input 
multiplexer is modified to enable self test operations. This bit 


also redefines the Instruction Word, specifically the CHAN 
field of the instruction word (See Figure 16 for the redefinition 
of the Instruction Word when SLFTST = 1). With SLFTST set 
the CHAN bits now specify which of four self tests is to be 
performed as shown below. 


Instruction 

Word 

CHAN Field 

Function 

Description 

000 ! 

System Offset 

Inputs shorted together 
and shorted to ground 

001 

Internal 

Reference 

Convert internal Vrer 
plus side tiedto VREf^ 
minus side tied to 

AGND 

010 

j 

Minus Internal 
Reference 

Convert internal Vreb 
minus side tied to Vrer 
plus side tied to AGND 

oil 

Common Mode 

Both inputs of the 
converter are tied to 

Vref 

100-111 1 

Illegal 



These self-test results are useful for user confidence at power- 
on. The default on reset is 0, normal mode of operation. 

RESET = soft reset (Bit 6): Is a software reset of the chip. This 
bit does not have to be cleared once set. The microprocessor 
should read this bit back to determine if the reset operation 
has completed, especially if a slow clock rate is being used. It 
takes at least 4 internal clocks for the reset bit to clear. 
Microprocessor communication with the chip should be held 
off until this bit is read back as cleared. When issuing a hard¬ 
ware res et, com munication with the chip should be held off 
until the RESET pin goes inactive. The chip will be in the Halt 
mode (RUN bit cleared) after a reset. See RESET/ Power-On 
Conditions (Section 4.2) for chip register conditions after a 
reset. 


15 

14 

13 

12 

11 

10 

9 

8 

7 

6 

5 

4 

3 

2 

1 

0 

LAST 

AIRMEN 

MDE2 

MDE1 

MDEO 

CH2 

CHI 

CHO 

SC2 

SCI 

SCO 

CN1 

CND 

REF2 

RE FI 

REFO 


"-S.- 

- 

-- 

-- 

- 

MODE SELECT 

000 = IMMEDIATE EXECUTE 

001 = INTRA SEQUENCE PAUSE 
010 = START ON NEXT TIMEOUT 
011 = PRESET TIMER/START 

ON TIMEOUT 

100= EXTERNAL SYNC START 

101 = EXTERNAL SYNC/TIMER 
PRESET/TIMEOUT 

110= ILLEGAL 

111 = ILLEGAL 

INPUT CHANNEL SELECT 
000 = SYSTEM OFFSET 

001 = INTERNAL REF 

010 = INVERT INTRN REF 
oil = COMMON MODE 

100 = ILLEGAL 

101 = ILLEGAL 

110 = ILLEGAL 

111 = ILLEGAL 

CYCLE SELECT 

000 = 16 BITS 

001 = 13 BITS 

010 = 8 BITS 
oil = ILLEGAL 

111= ILLEGAL 

GAIN SELECT 
00 = 1 

01 = 2 

10 = 4 

11 = 8 

REFERENCE SELECT 

000 — 110 

INTERNAL REFERENCE 
ONLY 

Figure 16. 

Bit Map of Instruction Word When SLFTST = 1 
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CAL = calibration start (Bit 7): When set, a self-calibration of 
the A/D converter will begin. Reading the CAL bit indicates 
whether the chip has been calibrated since the last reset or 
power-on condition. If CAL is a 1, then a calibration of the 
A/D converter has been performed since the last reset or 
power-up. When setting CAL, the user should not write a 0 
back to clear it. Writing aOto the CAL bit has no effect; this 
will not clear it if it was previously set. Attempting to set the 
RUN bit without this bit being set will result in a run error 
condition, in which the RNER status bit will be set, and an 
Interrupt being generated if it was enabled in the mask regis¬ 
ter. The amount of time required for calibration is 8,260 inter¬ 
nal clocks, or 16,520 external clocks. To determine when a 
calibration is complete, the microprocessor should enable 
the calibration complete interrupt (CLCPIE) in the interrupt 
mask register, and wait for the interrupt to occur. Interrupt 
servicing of the calibration complete interrupt is done In a 
normal manner, in which the interrupt is acknowledged by 
setting the CLCPAK bit in the interrupt acknowledge register. 
All I/O to the ML2200 should be avoided during calibration 
(i.e., 16,520 external clocks after the CAL bit is set), because 
accessing the chip during calibration could adversely affect 
the calibration. If an interrupt is not desired, the 
microprocessor can read the Status register to verify 
completion 16,520 external clocks after the CAL bit is set. 
When the CAL bit is set, all other bits in the Control register 
should be cleared. DO NOT set the CAL and RUN bits simul¬ 
taneously. 


Status Register — Register 4 


READ 

ONLY 



Status Register 


Register 4 serves as the status register of the various condi¬ 
tions that can occur. The bits in the Status register will be 
updated regardless of the Mask register. The status bits are 
updated any time within or at the end of a sequence of oper¬ 
ations. The bits in the Status register are cleared by setting the 
corresponding bits in the Interrupt Acknowledge register. The 
status register can be polled at any time without fear of clear¬ 
ing the status bits. This register is not cleared at HALT time. 
When entering the Run mode, all of the old status bits should 
be cleared (acknowledged). 

DBR = Data Buffer Ready (Bit 0): Is set when the chip has 
gone through one complete sequence of operations and has 
filled the data registers with the converted results. This bit 
signifies that the microprocessor should read all locations in 
the data registers that have relevant data. Reading all loaded 
data locations will clear DBR. If all loaded data locations are 
not read, DBRAK in the Interrupt Acknowledge register 
should be set to clear DBR, else OVRN will be set. The DBR 
pin is logically the same as the DBR status bit. The DBR pin is 
ALWAYS enabled and cannot be masked out. The DBR status 
bit is the only condition that can cause the DBR pin to be 
asserted. The DBR status bit can be enabled to assert the INT 
pin through the Interrupt Mask register. 


OVRG s= overrange interrupt (Bitl) : Is set at the end of an 
operation when an underflow or overflow of the A/ D con¬ 
verter has occurred (underflow and overflow are the most 
negative and most positive number, respectively, that is repre¬ 
sentable in the chip according to the specified cycle length). 
The overflow and underflow conditions apply to ALL incom¬ 
ing A/D converted data. 

ALRM = limit alarm (Bit 2): is the limit alarm status bit. It is set 
whenever the alarm criteria specified in the alarm registers 
is satisfied by a conversion from an operation where the 
ALRMEN bit is enabled. The limit alarm test only applies to 
an operation in which the ALRMEN bit is set. 

Note that OVRG and ALRM can be enabled without ena¬ 
bling the DBR interrupt so that the microprocessor can be left 
alone until an overflow/underflow or limit alarm occurs. This 
is done to search for a limit condition first without taking any 
data into the microprocessor. Doing this, however, will set 
the OVRN (overrun error) bit in the status register, indicating 
that the microprocessor has not read any data from previous 
sequences. 

OVRN = overrun error (Bit 3): The OVRN bit indicates that 
the microprocessor has missed from one byte to several 
blocks of data. Even if ari overrun error occurs, the ML2200 
or ML2208 continues converting the inputs and updating the 
data registers with the new conversions. 

This bit may intentionally become set as a result of searching 
for the overflow/underflow or limit alarm criteria without 
reading the data. 

The setting of the OVRN bit also occurs in DMA mode if all 
data has not been read by the completion of the next se¬ 
quence. (Note: DBRAK should not be set in DMA mode, 
since DBR is automatically cleared by the chip.) If OVRN 
occurs in DMA mode, DBR will not be reactivated once all of 
the data from the sequence which was overrun is read; 

OVRN automatically disables DBR re-activation. Acknowl¬ 
edging OVRN (setting OVRNAK in the Interrupt Acknowl¬ 
edge register) will re-enable the DBR pin, however the OVRN 
bit may immediately be set again before the DMA controller 
can read the entire buffer. Therefore, it is recommended that 
in DMA mode if OVRN gets set, put the ML2200 or ML2208 
in the Halt state, acknowledge the overrun and the DBR, 
then place the chip back in the Run mode. 

ISQ = intra-sequence pause (Bit 4): Indicates that the chip has 
halted operation within a sequence as a result of choosing 
the ISQ op code in the mode field of the Instruction word. 
Setting the ISQAK bit in the interrupt acknowledge register 
will then re-start the operation within the sequence. This lets 
the microprocessor achieve tirhing control of individual oper¬ 
ations within a sequence. 
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RNER=:: run error (Bit 5): Indicates that an error occurred 
either entering or operating in the Run state. The following 
operational errors cause the RNER bit to get set 

1. Entering the Run state without having performed a self¬ 
calibration after the most recent Reset or power-up. The 
status of whether a calibration was executed or not is indi¬ 
cated by the CAL bit in the control register. If the CAL bit in 
the Control register is a one, the chip has already been 
calibrated. 

2. Writing to any secondary registers other than the data 
registers during Run mode. All secondary register loca¬ 
tions are readable during Run time. 

CLCP = calibration complete (Bit 6): Is set at the end of a 
calibration sequence. The purpose of this bit is to notify the 
microprocessor that a self-calibration has completed. 

INT = interrupt (Bit 7): Is identical to the state of the INT pin. 
The INT status bit and pin is an OR of the status bits enabled 
In the Interrupt Mask register. While the polarity of the INT 
pin can be defined in the interrupt mask register, this bit is 
positive true only. 

Interrupt Acknowledge Register — Register 4 


ONLY 



CLCPAK 

RNERAK 

ISQAK 

OVRNAK 

ALRWAK 

OVRGAK 

DBRAK 


interrupt Acknowledge Register 


The status bits in the status register can only be cleared by 
setting the appropriate bit in this register; writing a zero has 
no effect. The relative bit positions in the Interrupt Acknowl¬ 
edge register are identical to the Status register except for bit 
7, which is valid for reads (see explanation in Status Register) 
and undefined for writes (user must write a zero to this bit to 
be software-compatible for possible future redefinitions). 

Sequence Register—Register 5 


ONLY 


1 

1 

1 

1 

1 

SR2 

SRI 

SRO 


Sequence Register 

During the RUN mode, this register can be read back to 
indicate the current operation in progress. This is especially 
useful for examining interrupts when multiple intra-sequence 
pauses are specified. Bits 3-7 always reads Is. 

Registers 6 and 7— these registers are reserved for future use. 


3.2 Secondary Registers 

There are twenty l6-bit wide secondary registers containing 
the Data RAM, Instruction RAM, Timer, Alarms, Alarm 
Criteria Register, and Interrupt Mask. Except for the Data 
RAM, the secondary registers should only be accessed on 
initialization, or when the chip is placed in the Halt mode. 


Secondary Registers 0 to 7 

Data RAM (read only) 

Calibration Holding Register (write only) 


UPPER BYTE LOWER BYTE 


D15 D8 

D7 DO 
















8x16 A/D DATA 
REGISTERS 
16-BIT CAL 
REGISTER 


The Data RAM consists of eight 16-bit wide registers that hold 
the output results from the latest conversion sequence. Each 
word in the Data RAM has a one-for-one correspondence 
with a word in the Instruction RAM. The Data RAM is also 
referred to as the data output registers. 

The data output registers are double buffered and readable 
by the microprocessor at any time. The AID converter fills a 
"shadow" bank of registers during conversions, while the 
microprocessor is free to read the output registers. When the 
sequence is done, the "shadow" bank information is trans¬ 
ferred to the output registers for the microprocessor to read, 
after which time DBR is asserted. Therefore, the 
microprocessor has essentially one sequence time to drain 
the data buffer. This time varies according to the number of 
operations defined, the system clock frequency, the mode 
field for each operation, and the cycle length (number of bits 
to be converted). Refer to Conversion Times for more 
information. 

Data Format 

All data is returned from the converter in 16-bit two's comple¬ 
ment format, right hand justified, with the sign bit extended 
across the most significant unused bits. 


Cycle 

-i-Max 

-Max 

Mid-Range 

16 

7FFF 

8000 

0000 

13 

OFFF 

FOOO 

0000 

8 

007F 

FF80 

0000 


Calibration Holding Register— 

This register is for diagnostic purposes only. It is one 16-bit 
wide register mapped into the write only secondary address 
space 0 to 7 (i.e., a write to any of the secondary addresses 
0-7 will load the Calibration Holding register). This register is 
write only and cannot be read back directly. It is used when 
the mode field in the Instruction Word is set to CAL Write, 
and the Instruction is executed. This command takes the 
contents of the Calibration Holding register and loads it Into 
the Calibration register of the A/ D converter. Note that this 
will change the calibration of the A/ D converter, and a cali¬ 
bration of the A/ D converter should be done after a CAL 
Write command is issued. 
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Instruction RAM—Secondary Registers 8 to 15 (Read/Write) 

8 

9 

10 
11 
12 

13 

14 

15 

The Instruction RAM/sometimes referred to as the Operation 
registers, consists of eight 16-bit wide registers broken up into 
seven different fields (see Figures 10 and 10A). Each Instruc¬ 
tion or Operation defines a single conversion, where the 
converted data result is stored in the corresponding data 
output register. Note that when the SLFTST bit in the Control 
register is set, the Instruction Word is redefined for diagnostic 
mode. Figure 12 illustrates the redefinition when SLFTST is 
set. The following section defines the seven different fields 
making up the Instruction word when SLFTST-0. 


D15 D14 D13-11 DIO-8 D7-5 D4,3 D2-0 



REF (Bits 2> 1,0—Voltage Reference Selection) REF specifies 
the source of the voltage reference used for the A/ D 


conversion. 

GAIN (Bits 4 and 3— Gain Settings) GAIN defines the gain of 
the precision instrumentation amplifier. The gain can be 
either 1, 2, 4, or 8. Each gain factor of 2 adds an additional 4 
internal clock cycles (1/fcLKi) to the conversion time. There¬ 
fore a gain of 8 adds an additional 12 internal clock cycles to 
the conversion time. 

CYCLE (Bits 1, 6, 5— Cycle Select) CYCLE defines one of five 
different cycles: 8-, 13-, or 16-bit conversions, and READ or 
WRITE CAL CODE. Choosing 8-, 13- or 16-bit cycles deter¬ 
mines how many bits the A/ D converter will convert. How¬ 
ever, even though the converter has a 16-bit cycle, it may not 
have 16 bits of useful resolution. The useful resolution of the 
converter can be determined from the linearity specs. 

Since the algorithmic converter is a successive approximation 
type of converter, an 8-bit cycle requires the least amount of 
time to convert, and the 16-bit cycle requires the most. Refer 




to Sampling Rates and Conversion Times for the exact num¬ 
ber of clocks each cycle takes. 

READ CAL CODE and WRITE CAL CODE cycles are for diag¬ 
nostic purposes only. READ CAL CODE reads the Calibration 
register in the A/ D converter and loads it into the corres¬ 
ponding data output register. WRITE CAL CODE transfers the 
contents of the Calibration Holding register into the A/D 
converter's Calibration register. The transfer is complete after 
the operation is executed. Refer to Diagnostics for more infor¬ 
mation on READ and WRITE CAL CODE. 

CHAN (Bits 10,9,8—Input Channel Number) defines the 
input channel to be converted. 

ALRMEN (Bit 14—Alarm Enable) When this bit is set the 
alarm criteria for the operation is enabled, otherwise the 
alarm is disabled for this operation. If ALRMEN is set and the 
alarm condition is met, the ALRM bit in the Status register will 
be set at the end of the operation. 

LAST (Bit 15 — Last Operation) signifies that this operation is 
the last operation ofthe sequence. The chip will return to 
and begin the first operation of the sequence after execution 
of the current operation. If all eight operations are specified, 
the last one MUST have this bit set. 

MODE (Bits 13/12,11 —*Mode Selection) defines the condi¬ 
tion that must be met for the operation to proceed. The 
mode field also has an effect on the Operation Execution 
Time. 


000 

Immediate Execute 

001 

Intra-Sequence Pause 

010 

Start on Next Time out 

oil 

Preset Timer/Start on Time out 

100 

External Sync Start 

101 

External Sync/timer Preset/Time out 

110 

ILLEGAL 

111 

ILLEGAL 


Events That Occur Within an Operation 

To better understand six modes of the ML2200 or ML2208 
one must first understand the events that occur during an 
operation. This can be aided by referring to Figure 17. 
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The first event that occurs in the Operation is the Start of 
Operation. This may or may not be the beginning of the 
conversion, depending on the mode selected. The time be¬ 
tween the Start of Operation and Start of Conversion is varia¬ 
ble. When the conditions of the mode have been met, the 
Start of Conversion occurs. 

The Conversion Execution time includes the input and refer¬ 
ence acquisition times, the gain time, and the successive 
approximation conversion time. Shortly after the Start of 
Conversiori the S/H goes into sample mode acquiring the 
input channel for eight internal clocks. After the input has 
been acquired the S/H goes into hold mode, disconnecting 
the S/H frorn the input channel, and transferring the charge 
into the A/ D converter. A couple of clocks later the same 
S/H goes into sample mode on the reference voltage, either 
the internal Vref of one of the input channels. The reference 
acquisition time for all six modes is the same; eight internal 
clocks. After the S/H goes into hold mode the successive 
approximation A/D conversion begins. When the conver¬ 
sion is complete the next operation begins. 

Immediate Execute (000) —The Start of Conversion begins at 
the Start of Operation. In other words, the conversion begins 
the instant the operation begins. There is no gating item de¬ 
laying the conversion. This mode allows the chip to convert 
at its maximum rate with no unnecessary delays. As an 
example of calculating the sequence time, if all eight opera¬ 
tions used Immediate Execute with a gain of 1 and a 13-bit 
coriversion, the time to execute one sequence (all eight oper¬ 
ations) would be a * 110 = 880 internal clocks. 

Intra-Sequence Pause (001) —This mode provides a way for 
the microprocessor to initiate conversions, rather than the 
other modes which either initiate conversions from internal 
timings or an external pulse. At the Start of Operation the ISQ 
status bit is set. The microprocessor will recognize the setting 
of the ISQ status bit either by polling the Status register, or 
having enabled the ISQ interrupt. The Start of Conversion is 
delayed until the ISQAK bit in the Interrupt Acknowledge 
register is set. 

Start on Next Time out (Old) — After the Start of Operation 
occurs the Start of Conversion is delayed until the internal 
timer decrements from 1 to 0. When using this mode the 
timer will be free-running. This means that the timer is initial¬ 
ized in the Halt mode and left alone to decrement and reload 
automatically when in the Run mode. This mode can be 
used to establish a specific sampling rate. Note that the timer 
value must be greater than the conversion time, therefore this 
mode can only slow the sampling rate down from its maxi¬ 
mum rate. In the case where several operations are used, and 
only one of them uses this mode, the timer value must be 
greater than all the other Operation Execution times plus the 
current operation conversion time. 

Preset Timer/Start on Time out (011) — At the Start of Opera¬ 
tion the timer is loaded with its pre-programmed count. The 
delay between the Start of Operation and the Start of Conver¬ 
sion is the pre-programmed count. Execution time of the 
operation is the pre-programmed timer count plus the con¬ 
version time. As opposed to mode 2, the timer can be any 
value between 2 and 2^6; i.e., there is no restriction on the 
timer value being greater than the conversion time. One 


application of this mode would be when an external analog 
event is triggered by the SYNC pulse, and the conversion 
needs to be delayed by a programmable amount of time. 

Using the External SYNC Input —The following description 
applies to modes 4 and 5, since these two modes use the 
external SYNC Input. These modes should only be used 
when the SYNC pin is programmed as an input (MSTR bit in 
Control register is 0). If the external SYNC signal arrives be¬ 
fore the Start of Operation, it may be latched depending 
upon the arrival time. If it arrives 22 clocks after the previous 
operation's Start of Conversion, external SYNC will be 
latched; any time before will miss the pulse. Therefore the 
external SYNC pulse rate should not be any faster than the 
frequency of the operations which use this mode, otherwise 
there will be more external SYNC pulses than conversions. 

External SYNC Start (100) —After the Start of Operation, the 
Start of Conversion is delayed until the rising edge of the 
SYNC pulse and the next rising edge of the internal clock. 
Unless the rising edge of the external SYNC is synchronized 
with the internal clock (See tsvNCCK Spec), the aperture 
uncertainty is one internal clock. 

External SYNC/Timer Preset/Time out (101) — For this mode, 
the external SYNC pulse presets the timer, and when the 
timer times out the Start of Conversion begins. The timer is 
preset after the rising edge of the external SYNC and the next 
rising edge of the internal clock. When the timer transitions 
from 1 to 0, the Start of Conversion begins. As in the previous 
mode, unless the rising edge of the external SYNC is synchro¬ 
nized with the internal clock, the aperture uncertainty is one 
internal clock. 

Timer Functions of the Different Modes— The on-chip timer 
is started when RUN is asserted. It then free-runs, pre-loads 
and restarts itself at the pre-programmed count unless one of 
the modes in an operation word specifies a timer preset. If 

"Start on Next Timeout" mode is selected for all operations, 
the timer free-runs and subsequently starts conversions on 
regular intervals, without the inclusion of any variable over¬ 
head timing requirements of any specific operation. The 
"preset timeK' function that can be specified in any opera¬ 
tion, functions as a "one-shot" time out feature; however it 
can upset the regularity of conversions. The use of the exter¬ 
nal SYNC start allows flexibility with asynchronous conditions 
outside the chip. In addition, the use of time out with exter¬ 
nal SYNC allows synchronous operation of multiple Micro 
Linear chips with interleaved operation. If a different rate is 
desired other than increments of one master clock cycle (V 2 
the CLK pin frequency) or if external events need to be 
counted before starting an operation, then setting the tcLK bit 
in the control register will divert the timer to the t^LK 
all operations. 

Timer Holding Register—Secondary Register 16— This regis¬ 
ter holds the pre-programmed value of the timer. The value is 
in 1 internal clock increments, or the period of tcLK this 
input is used. The timer is a countdown timer, therefore the 
realized delay will be the number loaded into the Timer 
Holding register multiplied by the clock period. The value Is 
written as a 16-bit binary word, and either high or low bytes 
can be written first. These registers are both writable and 
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readable, with register writes executed only when the chip is 
in the Halt mode (RUN bit cleared in the control register). 
Reading the Timer Holding register will return the pre¬ 
programmed value for the timer, it will not provide the actual 
timer value. Timer Holding register values of 1 or 0 are Illegal 
and will "hang up" the tirrier when placed in Run mode; 
Therefore the minimum value that can be loaded into the 
Timer holding register is 2. The timer is decrementing when 
in Run mode and Idle when in Halt mode. When the chip is 
placed in Run mode, the timer is automatically loaded with 
the value in the Timer Holding Register, and begins to count 
down. 

Alarm Registers—Secondary Registers 17,18 (Read/Write) — 

These registers specify the alarm criteria against which the 
converted data of a current operation is compared. The com¬ 
parison occurs only when the AIRMEN bit is set within the 
operation. Secondary register 17 is Alarm A and secondary 
register 18 is Alarm B. These values are written in two's com¬ 
plement format, right justified and sign extended (refer to 
Data Format for more information). 

Alarm Criteria Register—Secondary Register 19 lower byte 
(Read/Write) — Specifies the compare criteria to be used 
with alarm registers A and B. Bit 0 specifies whether the com¬ 
parison of alarm word A is to be greater than (setting the bit) 
or less than equal to (clearing the bit). Similarly, bit 1 specifies 
the same criteria for alarm word B. The criteria of the two 
groups can be "ANDed" or "ORed" together by clearing 
(OR) or setting (AND) bit 2. Bits 3 and 4 enable the alarm 
comparison for words A and B, respectively. Bits 5, 6, and 7 
are unused and be can be any value when written/always 
read as ones. The following table illustrates all of the possible 
combinations, X signifies don't care. 


4 

3 

Bit Number 
2 

1 

0 


ENB 

ENA 

AND 

GB 

GA 

Test Done: 

0 

0 

X 

X 

X 

No Test 

0 

1 

X 

X 

0 

<A 

0 

1 

X 

X 

1 

>A 

1 

0 

X 

0 

X 

<B 


0 

X 

1 

X 

>B 

1 

1 

0 

0 

0 

<B or <A 

1 

1 

0 

0 

1 

< B or >A 

1 

1 

0 

1 

0 

>B or <A 

1' '• 

T 

0 

1 

' ■■1 

>Bor >A 

1 

1 

1 

0 

0 

<Band <A 

1 

1 

1 

0 

1 

<Band>A 

1 

1 

1 

1 

0 

> B and < A 

1 

, 1 

-.■T ^ 

1 

1 

>Band>A 


Using the various criteria, the chip can discern whether a 
certain channel is inside or outside a band, or greater than or 
less than a value. Notifying the microprocessor can be done 
through an interrupt or by polling the status register. 


Interrupt Mask—Secondary Register 19 Upper Byte 
(Read/Write) 


D15 

D14 

D13 

D12 

Dll 

DIO 

D9 

08 

INTL 

CLCPIE 

RNERIE 

ISQIE 

OVRNIE 

ALRMIE 

OVRCIE 

OBRIE 


This register is used to define which interrupt conditions are 
capable of setting the hardware interrupt pin and the INT bit 
of the Status register. The bits in the Interrupt Mask register 
are interrupt enable bits, meaning when the bits are set they 
enable the corresponding status bit to activate the hardware 
interrupt pin as well as the INT bit in the Status register. The 
INTL bit determines the polarity of the INT pin. If set, the INT 
pin becomes active low, with an open drain output. If clear, 
the INT pin becomes active high, with driving capability in 
both directions. 

Secondary Registers 20 to 31 — Undefined 

These registers are undefined and will cause unpredictable 
results if read or written to. 

4.0 SAMPLING RATES AND 
CONVERSION TIMES 

To determine the sampling rate, one must first determine the 
sequence execution time. A sequence Is defined as the num¬ 
ber of operations or Instructions used. Therefore the se¬ 
quence execution time equals the sum of the individual 
operation execution times. The simplest case for determining 
the sampling rate is when only one operation is used in the 
sequence. Then the sampling period is the operation execu¬ 
tion time. If all eight instructions are used in the sequence, 
the sampling rate would be the sequence rate multiplied by 
the number of times the channel was sampled in the 
sequence. 

It is possible to sample one channel more frequently than 
another. For example, if every other operation sampled chan¬ 
nel 0, while the remaining operations sampled channels 1, 2, 
and 3, the sampling rate for channel 0 would be four times 
the sampling rate of the other channels. If periodic sampling 
is important, one must be careful when sampling a channel 
multiple times in a sequence since different operations can 
have different execution times. 

Example: Sampling Four Channels in a Burst Every 10 ms 

Using Mode 2 "Start on Next Time out" for Instruction 0 will 
establish the 10 ms sampling rate, once the clock is initialized 
properly. Instructions 1,2, and 3 can each use Mode 0 "Im-' 
mediate Execution". For the ML2200, each instruction can 
sample a different channel, thus covering all four channels in 
a burst. For the ML2208, the same holds true except all eight 
channels can be sampled in a burst, periodically. 

Assuming the external clock is 7MHz and each conversion is 
13 bits with a gain of 1, the conversion time for each opera¬ 
tion will be 110 * 286 ns = 31.4]Lts. Therefore four instruc¬ 
tions will require 4 * 31.4jL(S = 125.7ji.ts. The execution 
time is much less than the sampling rate, thus the timer can 
be used to set the sampling rate. The timer value for a 10 ms 
sample rate is: 10 ms /286 ns = 35,000 decimal or 88B8H. 
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Operation or Instruction Execution Time 

Figure 17 illustrates the Operation Execution Time. The time 
between the Start of Operation and Start of Conversion is 
variable and depends on the Mode chosen. For more infor¬ 
mation on how to determine the time between Start of Oper¬ 
ation and Start of Conversion refer to the Secondary registers 
Mode field description in the Instruction RAM. 

The Conversion Execution time depends on the Cycle, the 
Gain, and the Mode chosen in the instruction word. Modes 
0-5 all behave the same way when it comes to Conversion 
Execution Time. To help determine the Conversion Execution 
Time the following table gives the number of internal clocks 
used for Modes 0-5 based on the Cycle chosen. 


Cycle 

Number of Internal System 
Clocks Needed 
0/^CLKl) 

16-Bit 

128 

13-Bit 

110 

8-Bit 

80 

Read CAL 

80 

Write CAL 

52 


Add 4 extra clocks to the Cycle time for each gain of 2 (in¬ 
cluding Read CAL and Write CAL). For a gain of 2 add 4 extra 
clocks, for gain of 4 add 8 extra clocks, for gain of 8 add 12 
extra clocks. Example: Modes 0-5, Cycle = 13-bit conversion 
with a gain of 8. Conversion Execution time is 122 internal 
clocks. 

5.0 MICROPRCKESSOR 

INITIALIZATION PROCEDURE 

The following sequence of steps is recommended when 
initializing the ML2200 from the microprocessor: 

1) Keep reset active for at least 10 internal clock cycles after 
power supplies have stabilized. If a software reset is issued, 
hold off microprocessor communications with the chip 
until the RESET bit in the control register is read back as 
cleared, which takes 4 internal clock cycles. 

2) If desired, check the data register path by performing a 
write and read of the calibration register for all 8 opera¬ 
tions. (This step is optional, but does provide user 
assurance of the integrity of the on-chip data paths.) The 
calibration register is a full 16-bit data path. 

3) Perform a calibration by first enabling the CLCP interrupt 
in the Interrupt Mask register, then start the calibration by 
asserting the CAL bit in the Control register. Alternately, if 
an Interrupt driven system is not desired, the interrupt 
status register can be polled 8260 internal clocks after the 
CAL bit has been set. The chip should not be polled dur¬ 
ing calibration. 

4) Upon receiving the CLCP interrupt, acknowledge it. If 
desired, read back the calibration code to verify a success¬ 
ful calibration. Other diagnostics may be run at this time, 
however diagnostics are optional and not required. 


5) Load the Instruction RAM, alarm criteria, interrupt condi¬ 
tions, and timer. Set the proper data transfer mode up 
(DMA, Interrupt driven or polled mode.) Clear all status 
bits before setting the RUN bit. 

6) Start the chip running by setting the RUN bit in the Con¬ 
trol register. This may be done by ORing the RUN bit with 
the other bits already configured in the Control register; 
however do not set the CAL bit again or another calibra¬ 
tion will take place. Writing a 0 to the CAL bit has no ef¬ 
fect; it will still read 1. 

5.1 Reset/Power-On Conditions 

When applying power to the ML2200, DVcc and AVcc 
should never be powered-on at different times. 

It is OK to assert both RD and WR during RESET time, but not 
legal to do so otherwise; this may damage the chip internally. 

The following list specifies the affected registers on the chip 
after a reset is performed. Note that both hardware and soft¬ 
ware reset of the chip have identical effects. 

All registers shown below are cleared (all bits 0): 

Primary Registers: 

Index register (register 2) 

Control register (register 3) 

Status register (register 4) 

Sequence status (register 5) 

Secondary Registers: 

Interrupt bit mask (upper half, register 19) 

Alarm criteria register (lower half, register 19) 

All other registers will have random data in them after power- 
on. If a hardware or software reset is performed later, registers 
which are not listed above will be unchanged. 

Re-calibration after a hardware or software reset is not neces¬ 
sary, since the calibration register remains the same after a 
reset. Only after a power-up is a calibration necessary. Flow- 
ever the CAL bit In the Control Register will be cleared after a 
reset. Setting the RUN bit while the CAL bit is clear will cause 
the RNER bit to be set. But, if a calibration had been done 
before the reset, the RNER may be ignored. 

5.2 Timer 

If any of the operations require a timer function, (either a 
one-shot or regular conversion interval) then the timer value 
must be written. This is done by writing the index register 
value to 10 hexadecimal and writing the proper 16-bit time 
value to the window registers. The timer value must be 
greater than 1. If using mode 2 ''Start on Next Time out" the 
timer value must be greater than the conversion time. 

5.3 Limit Alarm Operation 

The chip may be set up to watch for certain data conditions 
by enabling the proper interrupt bits in the Interrupt Mask 
register. These conditions include A/ D overrange/ 
underrange and user-defined alarm criteria. In order to use 
the alarms, the A and B alarm values must be defined. Note 
that since alarm registers A and B are 16 bits wide, 13-bit two's 
complement sign extended values must be loaded. (Refer to 
Data Format for more information). In order to further qualify 
alarm registers A and B, the Alarm Criteria register must be 
initialized. 
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5.4 Defining Interrupt Conditions 

If the chip is used in polled situations, the interrupt mask bits 
need not be set unless the "OR" of the interrupt conditions, 
bit 7 in the Status register is used. 

If the chip is used in interrupt mode rather than polled mode, 
the desired interrupt conditions should be considered. In 
addition to the interrupts Specified for data comparison oper¬ 
ations, severarother interrupts can be defined in the Interrupt 
Mask register. The DBR bit can be set if the DBR pin is hot 
used. This enables interrupts at the end of sequences for data 
transfer via the INT pin. The intra-sequence interrupt bit 
should be enabled if intra-sequence pauses are desired in any 
of the operations. Overrun error and run-time error bits 
should be enabled if trapping of these errors is desired. 

Note that alarm A and B and overrange interrupts occur at 
any time within the sequence of operations. Due to the inter¬ 
rupt latency time of the microprocessor, multiple interrupts of 
this type within a sequence may be indistinguishable from 
each other. The A and B alarms should generally be used on 
only one operation so that its source can be determined with 
no ambiguity. Overrange interrupts can be handled by exam- 
ining the data in the chip at the end of the sequence. 

The INT pin polarity can be defined to be active high (bit 15 
cleared in the Interrupt Mask register) br active low (bit 15 
set). When active low is chosen, the INT pin is open drain 
without a pull-up. When active high, the INT pin is driven 
actively in both directions. The default condition is active 
high, and the INT pin is actively driven low during reset time. 

6.0 METHODS OF DATA TRANSFER 
TO THE MICROPROCESSOR 

There are several ways to handle the data output; polling, 
interrupt, or DMA. If interrupts are the method chosen, 
method 5) may be preferable. Method 5) DMA/Interrupt 
mode, does not require a DMA controller. It sirnply uses the 
DMA mode of the ML2200 or ML2208 which can be inter¬ 
faced to an interrupt controller. 

1) Intra-Sequence pause instruction is used when the 
microprocessor is not going to periodically/continuously 
read the data, but it will read the data at arbitrary times. 

The Tabled below shows the op codes to sample all eight 
channels. 

Table I, Channels in an ML2208 at Arbitrary Times 


Using these instructions the program begins when the RUN 
bit is set in the control register. Immediately after RUN is set, 
before the first conversion takes place, the ISQ bit in the 
status register is set. This indicates that the sequencer has 
paused. When the microprocessor wants to read a value on 
one or more of the channels it sets the ISQAK bit in the Inter¬ 
rupt Acknowledge register. The ML2208 then performs eight 
conversions back-to-back, jumps back to sequence 0, and , 
sets the ISQ and DBR bits in the status register. The data from 
all eight channels is now available in the Data RAM. The next 
time a conversion is desired, once again the microprocessor 
sets ISQAK in the interrupt acknowledge register. 

2) Polled mode transfer is done simply by polling the status 
register and examining the DBR bit to see if a sequence 
has been completed. The DBRIE interrupt mask bit need 
not be set, but an acknowledge should be done by setting 
DBRAK in the Interrupt Acknowledge register, otherwise 
an overrun error will occur. The CPU can just poll the INT 
bit in the Status register. Only the bits which are 
enabled In the Interrupt Mask register will set the 
INT status bit. When the INT bit is set, the CPU can 
examine the other status bits to determine which 
requests are active. 

3) Interrupt mode can be implemented using the INT pin 
and enabling the desired interrupt conditions in the Inter¬ 
rupt Mask register. The polarity of the INT pin can be 
selected at the same time. If desired, DBR can be used as 
a second interrupt pin to signify the transfer of data only. 
This may be useful in systems with multiple and 
prioritized interrupt structures. If DBR is used, the DBR 
mask bit in the interrupt mask register should be disabled 
or cleared. 

4) DMA mode can be implemented by setting the DMA 
enable bit in the control register and selecting high byte or 
low byte first by setting or clearing the LOBYT bit. The 
DBR pin is utilized as the DMA request, and will remain 
asserted until all data from the sequence is read. 

5) DMA/Interrupt mode. DMA mode can also be used in 
non-DMA applications. Although this appears to be un¬ 
conventional, it may actually be preferred over the inter¬ 
rupt mode because of its convenience and speed. One 
way to do this would be to use the DBR pin as an interrupt 
request but enable DMA mode in the DAP. When data is 
ready DBR interrupts the microprocessor. The 



Last 

AIRMEN 

Mode 

CHAN 

Cycle 

Gain 

REF 

SEQO 

0 

0 

Intra Sequence 

Pause 

CHO 

13 

1 

Internal 

SEQ1 

0 

0 

Immed Execute 

CHI 

13 

1 

Internal 

SEQ2 

0 

0 

rimmed Execute 

CH2 

13 

1 

Internal 

SEQ3 

0 

0 

Immed Execute 

CH3 

13 

1 

Internal 

SEQ4 

0 

0 

Immed Execute 

CH4 

13 

1 

Internal 

SEQ5 

0 

0 

Immed Execute 

CH5 

13 

1 

Internal 

SEQ6 

0 

0 

Immed Execute 

CH6 

13 


Internal 

SEQ7 

1 

0 

Immed Execute 

CH7 

13 

1 

Internal 
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microprocessor then reads either window register the 
required number of times to drain the Data RAM. Using 
the DMA mode interrupt method over non-DMA mode 
interrupt method saves a lot of overhead. For example in 
non-DMA mode interrupt method (assuming AUTOI is 
set), the index register would have to be set on entry, and 
the DBRAK bit would have to be set each service routine. 

In DMA interrupt mode, neither the Index register nor the 
DBRAK bit would have to be set. These are handled auto¬ 
matically in DMA mode. 

7.0 POWER-DOWN MODE 

The chip can be powered-down by asserting the Pdn P'^. It is 
advisable to place the chip in HALT mode first by clearing the 
RUN bit in the control register, however the chip will auto¬ 
matically go into Halt mode when powered-down. All analog 
circuits are powered-off; digital circuits are left in an idle state. 
All registers within the chip will retain their values down to a 
level of 2V between Vqc and GND. 

Powering-up the chip is done by bringing Pqn high. The chip 
will be in Halt mode upon power-up. Note, however, that the 


APPENDIX A 

Diagnostics 

The ML2200 and ML2208 may be run through a diagnostic 
routine after power-up. The DAP provides software 
programmable diagnostics so that no external hardware is 
necessary. Diagnostics are not necessary. They are provided 
as an option to the user. 

Self-Test Mode 

Setting the SLFTST bit in the Control register redefines the 
CHAN field in the Instruction Word. This in effect changes 
the input to the Sample-and-Hold from the multiplexer input 
channels to internal points within the chip; such as Vref 
AGND. Conversions in the Self-Test Mode allow the user to 
determine how the Sample-and-Hold and A/ D converter 
behave with known input signals. This can be useful as a 
diagnostic routine for a product in the field, or as a debugging 
feature during product development. Figure 16 illustrates the 
re-definition of the instruction word when SLFTST=1. 

1. System Offset - The positive and negative inputs to the 
Sample-and-Hold are tied to analog ground. With this 
setting, converted data will give the offset of the A / D 
converter and Sample-and-Hold combination. 


first 10 ms of chip operation after a power-up will not be valid 
due to the settling of quiescent bias conditions within the on- 
chip's analog circuits. Any data that is returned for this period 
after power-up should be considered invalid. The user has 
the choice of either throwing away the first 10 ms of data or 
waiting for 10 ms and then setting the chip in RUN mode. The 
on-chip timer can be used for this purpose, if desired, by 
defining a sequence of dummy operations that last for the 
required delay, then re-writing the required operations for 
normal use. 

Acknowledge register. Dbrak should also be set sometime 
before the next sequence to prevent the OVRN bit from 
being set, however this is not necessary. 

Note that the microprocessor cannot let the ML2200 se¬ 
quencer run continuously, i.e., SEQ 0 would be changed to 
Immediate Execute and asynchronously read the Data RAM. 
The problem in this case would be that the microprocessor 
may read the data at the same time that the chip is updating 
it. That is why either polling, interrupt, or DMA transfer is 
required in a continuous run mode of operation. 


2. Internal Reference - Connects the positive input of the 
Sample-and-Hold to Vref and the negative input of the 
Sample-and-Hold to analog ground. The result of convert¬ 
ing in this test mode is a value near positive full scale. 

3. Invert Internal Reference - Connects the negative input of 
the Sample-and-Hold to Vref ^nd the positive input of the 
Sample-and-Hold to analog ground. The result of convert¬ 
ing in this test mode is a value near negative full scale. 

4. Common Mode - Both the positive and negative inputs of 
the Sample-and-Hold are tied to the internal Vref- The 
result of a conversion in this test mode indicates how well 
the converter is rejecting a common mode signal. 

Since setting the SLFTST bit merely changes the Input to the 
Sample-and-Hold, conversions must be executed in order to 
read the results. This means placing the chip in the RUN 
mode and reading the results from the Data RAM. It is possi¬ 
ble to run one sequence then halt the sequencer and read 
the results. The sequencer can be put in a "pause" via the 
Intra Sequence Pause Mode instruction. The following 
instructions accomplish this: 



LAST 

ALRMEN 

MODE 

CHAN 

CYCLE 

GAIN 

REF 

SEQO 

0 

0 

INTRA SEQ PAUSE 

SYSTEM OFFSET 

13 

1 

0 

SEQl 

0 

0 

IMMED EXECUTE 

INT REF 

13 

1 

0 

SEQ 2 

0 

0 

IMMED EXECUTE 

MINUS INT REF 

13 

1 

0 

SEQ 3 

1 

0 

IMMED EXECUTE 

COMMON MODE 

13 

1 

0 


After the RUN bit is set, the ISQ bit in the status register is 
immediately set. Setting the ISQAK bit in the Interrupt Ac¬ 
knowledge register will allow the sequencer to continue. The 
next time the ISQ bit is set, the results may be read from the 
Data RAM. 


Reading and Writing to the Calibration Register 

The ML2200 and ML2208 architecture provides a way for the 
microprocessor to indirectly read and write to the A/ D con¬ 
verter; specifically the Calibration register and the A/ D's Data 
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register. Figure 18 illustrates this architecture. 

The instructions that cause these transfers are READ CAL 
CODE and WRITE CAL CODE; selected in the Cycle field of 
the rnstruction word when SLFTST=0. WRITE CAL CODE 
transfers the contents of the Calibration Holding register into 
the A/ D converter's Calibration register. READ CAL CODE 
transfers the contents of the Calibration Holding register 
through the A / D's Data register, into the Data Output register 
with the same location as the operation. 


As a result of providing READ and WRITE CAL; it is possible 
to execute digital loopbacks through the Calibration register, 
A/ D registers, and all 8 Data Output registers. These loop¬ 
backs provides user assurance that all of the paths are clear 
and there are no stuck bits:. 

Writing to the Calibration register changes the calibration of 
the A/D converter. Therefore a self calibration should be 
performed after executing a WRITE CAL CODE to ensure the 
A/D Is properly calibrated. 


WRITE 

ONLY 


READ 

ONLY 


SECONDARY REGISTERS 
0-7 


0 16 1 

15 


1 CALIBRATION HOLDING REGISTER 


CALIBRATION REGISTER | | 

15 

16 

15 

, 0 

DATA OUTPUT REGISTERS 


—1 DATA REGISTER | | 

1 




2 




3 




4 


A/D CONVERTER 

5 „ ■ 




6 




7' 





Figure 18. Digital Loopback Architecture 



DIGITAL LOOPBACK ARCHITECTURE 

Reading the calibration register provides a way for the 
microprocessor to determine that the self calibration was 
successful. The microprocessor configures the DAP to exe¬ 
cute a READ CAL CODE after a self calibration has been 
performed. If the lower byte of data from the READ CAL 
CODE is anything other than all Is, then the calibration was 
successful. 


Even though the calibration register itself is a 16-bit register, 
and is capable of holding a 16-bit result, only the lower 9 bits 
are significant in determining the calibration code. These 9 
bits have a sign magnitude format; in other words the 9th bit 
(MSB of the 9-bit word) is the sign bit, and the other eight bits 
are magnitude bits. An easy way to determine whether the 
calibration has passed or failed is to read the lower data byte 
after a READ CAL is executed. If it's not all Is then the calibra¬ 
tion was a success. 
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APPLICATIONS 


Utilizing instruction RAM bits 0, T, and 1, any of the differen¬ 
tial input channels of the ML2200 can be programmed to 
sense the external reference (See Figure 13.) Only single 
ended channels 0 thru 5 can be used on the ML2208 
(See Figure 14.) 


<j) AVcc j 

Vref 




_ 







-CHO 

AGND 


ML2208 


(j> AVcc 1 

Vref 




_ 






CHO 

COM 

AGND 


Figure 19. Using a 2.5 V External Reference 


The system gain errors can be nulled by applying 2.4991V 
(the full-scale voltage minus 1.5 LSB) to one of the input chan¬ 
nels and adjusting R1 until the digital output toggles between 
0111111111110 and 0111111111111. If offset is not adjusted the 
full-scale voltage will be shifted by the amount of this 
unadjusted offset voltage. 



Figure 20. Adjusting Full-Scale Error 
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APPLICATIONS (Continued) 


ML2200 



+CH0 

-CHO 

+CH1 

-CHI 

+CH2 

-CH2 

+CH3 

-CH3 


ML2208 



CHO 

CHI 

CH2 

CH3 

CH4 

CHS 

CH6 

CH7 

COM 


AGND 


Figure 21. Adjusting Zero Error 


An op amp with an offset adjustment with a range of at least 
±1.3 mV is required, like an OP-27. The Zero Error can be 
nulled by first applying 305/ 2 V to one of the input channels 
(referenced to AGND.) 305/ 2 V Is equivalent to V 2 LSB which 
is the ideal input voltage which should cause the digital 
output to toggle from 0 0000 0000 0000 to 0 0000 0000 0001. 
Adjust R3 until this occurs. 

If an external reference is also being used, it should be refer¬ 
enced to AGND, while the COM or negative inputs are tied 
to the offset op amp as shown above. In this configuration, 
the offset adjustment will effect the gain setting and so should 
be set first. 

The Channel to Channel Zero Error and Full-Scale Error are 
very low and do not need to be adjusted seperately. If, how¬ 
ever, the input signal sources have their own different offsets, 
a separate op amp, with an offset adjustment, can be placed 
at each channel input. 
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APPLICATIONS (Continued) 


6800 


ML2200 



+5V 


-5V 


+2.5V 


4 DIFFERENTIAL 
ANALOG INPUT 
CHANNELS 


Figure 22. Interfacing ML2200 to 6800 Type Microprocessors 



Figure 23. Pressure Sensor Application 
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ORDERING INFORMATION 



LINEARITY 

MINIMUM 


TEMPERATURE 

PART NUMBER 

ERROR 

_1 

CONVERSION 

PACKAGE 

RANGE 


Four Differential Analog Inputs 


ML2200BCJ 

±3/4 LSB 

31.5//S 



ML2200CCJ 

±1 LSB 

31.5//S 

Hermetic DIP (J40) 

0°C to +70°C 

ML2200DCJ 

±1 LSB 

44.0/is 




Eight Single Ended Analog Inputs 


ML2208BCJ 

±3/4 LSB 

31.5/ys 



ML2208CCJ 

±1 LSB 

31.5//S 

Hermetic DIP (J40) 

0°C to +70°C 

ML2208DCj 

±1 LSB 

44.0/ys 
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Serial Peripheral Interface (SPI) 
12-Bit Plus Sign A/D Converter with S/H 


GENERAL DESCRIPTION 

The ML2221 is a member of Micro Linear's 12-bit plus 
sign CMOS A/D converter family utilizing a self 
calibrating algorithmic SAR technique. All errors of the 
sample-and-hold are accounted for in the analog-to- 
digital converter's accuracy specification. 

These A/D converters have a maximum nonlinearity 
error over temperature of ±0.009% or ±0.012% of 
minus full scale to plus full scale. 

The serial interface is compatible with industry 
standard serial interfaces. The ML2221 has 4 modes of 
operation: gated serial data clock, gated chip select, 
chip select to initiate conversion with serial out data 
controlled by ML2221, and free run mode. 

The serial interface allows either MSB or LSB first data 
with 2's complement output coding. For easy interface 
to microprocessors and shift registers the output data 
word is 16 bits. 


FEATURES 

■ Nonlinearity error ±V4 LSB and ±1 LSB max 

■ Conversion time 

(including S/H acquisition) 44/is max 

■ Harmonic distortion 0.01% 

■ No missing codes 

■ Inputs withstand |7V| beyond supplies 

■ Bipolar -5V to +5V analog input range 

■ Controlled or free run operation 

■ Direct 4-wire interface to juP (MPU) with 
synchronous serial formats 

■ 0°C to +70°C, -40°C to +85°C temperature range 

■ 16-pin DIP 


BLOCK DIAGRAM 


PIN CONNECTION 


Vref Vss cclk- CCLK Vcc 



SCLKin/ouT 


SCLK 

BUSY 

O 

MSB 

DO 


AGND 


RESET 


DGND 


16-PIN DIP 

V|N+ 

V|N- 
VreF 
Vss 

SCLKiisi/oUT 
DGND 
SCLK 
DO 

TOP VIEW 


] AGND 
]] Vcc 
] CCLK 
] CCLK^ 
] RESET 
] MSB 
]CS 
] BUSY 
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PIN DESCRIPTION 


PIN 

NO. 

1 

2 

3 

4 

5 


6 

7 

8 


9 


10 


NAME 

V,N+ 


' V,N- 

Vref 

Vss 

SCLK|n/OUT 


DGND 

SCLK 

DO 


BUSY 


CS 


FUNCTION 

Positive Differential Analog Input; 
range = Vss ^ V|N+ < Vco 
|(V|N+) - (y|N-)| ^ Vref- 
Negative Differential Analog Input; 
range = Vss ^ VtM- < Vro 
l(V|N+) - (V|N-)| ^ Vref* 

Voltage Reference Input; 
referenced to analog ground. 

Negative Supply -5V ± 5%; 
decouple to AGND. 

SCLK mode select 

SCLK||si/out = 5V; SCLK is an input 

serial CLK. 

SCLK||sj/out “ OV/ SCLK is an 
output serial CLK. 

Digital Ground. 

Bi-Directional Serial Data Clock. 
Serial data is transmitted by the 
clock present at SCLK. 

Data Out. Digital output which 
contains result of A/D conversion. 
The serial data is clocked out on 
falling edges of SCLK. 

Three-state active high BUSY 
status output. Normally low. Goes 
high to indicate that a conversion 
is in progress; de-asserted when 
conversion is complete and data is 
available from the conversion just 
completed. A pulldown resistor Is 
recommended on this pin. 

Active Low Chip Select, starts a 
conversion and brings the BUSY 
and DO out of the three-state 
mode. CS is used in modes where 
conversion or transmission timing 
is controlled; held low in gated 
SCLK and FREERUN modes. 


PIN 

NO. NAME 

11 MSB 


12 RESET 


13 CCLK-^ 


14 CCLK 


15 Vcc 

16 AGND 


FUNCTION 

Most Significant Bit is transmitted 
first if MSB is tied to Vco* Least 
Significant Bit transmitted first If 
MSB is tied to DGND. 

Active Low Reset. The RESET 
period is set by the time constant 
of the internal 50K pull up resistor 
and an external capacitor. After 
the RESET period the converter 
will be ready for accepting 
requests or will automatically start 
conversions/transmissions based 
upon the mode. 

Sets CCLK equal to internal clock 
if tied to 5V. If tied to OV the 
internal clock equals CCLK/2. 

With CCLK equal to the internal 
CLK the user can synchronize to 
all internal timing events, although 
CCLK duty cycle must be 
controlled to meet the minimum 
clock high and low times specified. 

Clock Input. Internal clock can be 
generated by tying a crystal from 
this pin to DGND or applying a 
clock directly to the pin. 

Positive Supply. +5V ± 5% 
decouple to AGND. 

Analog Ground 0 Volts. Common 
mode reference point of the 
internal differential circuitry. 


ABSOLUTE MAXIMUM RATINGS 

(Note 1) 

Supply Voltage (Vcc) • • • • • •. ^ ...... 6.0V 

Negative Supply Voltage (Vss) ... -6.0V 

Voltage at Analog 

Inputs ... .. Vss - 7V to Vcc 

Voltage at V(^gp .. Vss “ Y^c ^ 

Input Current per Digital Pin .... +10mA 

Input Current at Analog Inputs .. ±20mA 

Storage Temperature Range ... -65°C to +150®C 

Package Dissipation at 25°C (Board Mount) ___ 875mW 

Lead Temperature (soldering 10 seconds) 

Dual-ln-Line Package (Molded) ... 260®C 

Dual-In-Line Package (Ceramic) ... 300®C 


OPERATING CONDITIONS 

(Note 2) 

Temperature Range ...... Tmin ^ Ta - Tmax 

ML2221BIJ, ML2221CIJ .... -40°C to+85‘»C 

ML2221BCR ML2221CCP ...0°C to +70°e 

Supply Voltage (Vcc) • • • ■ ...... ASVqc to 6.0 Vdc 

Negative Supply Voltage (Vss) . • -4.5 Vdc to -6.0 Vdc 

Reference Voltage (V^pp) ....... Vcc 
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ELECTRICAL CHARACTERISTICS 

The following specifications apply for Vcc = +5V ± 5%, Vss = -5V ± 5%, Vref = +4.75V V|n- = AGND, 
V|N+ = -4.75V to +4.75y Ta = T^in to Tmax unless otherwise specified. 





ML2221BIJ, ML2221CIJ 

ML2221BCg ML2221CCP 


PARAMETER 

NOTES 

CONDITIONS 

MIN 

TYP 

(Note 3) 

MAX 

_1 

MIN 

TYP 

(Note 3) 

MAX 

UNITS 


Converter Characteristics 


Linearity Error 

ML2221BXX 

ML2221CXX 

4 

fcCLK to 5MHz 



±3/4 

±1 



±3/4 

±1 

LSB 

LSB 

Unadjusted Zero Error 










ML2221BXX 

4 




±3/4 



±3/4 

LSB 

ML2221CXX 





±2 



±2 

LSB 

Unadjusted Positive and Negative 

4 




±5 



±4 

LSB 

Full-Scale Error 










Zero Error Temperature Coefficient 




0.5 



0.5 


ppmFS/ 










‘>C 

Gain Temperature Coefficient 




10 



10 


ppmFS/ 










‘‘C 

Common Mode Rejection 

5, 6 


80 



80 



dB 

-- 

Analog Input Source Resistance 

4 




2 



2 

kn 

Analog Input Range 

4 

V||sj+ Referred to V|n- 

-Vref 


+Vref 

-Vref 


+Vref 

V 

Analog Input Leakage Current 

4 




100 



100 

nA 

Voltage Reference Input Source 

4 




0.5 



0.5 

kn 

Impedance 










Reference Input Leakage Current 

4 




100 



100 

nA 


Digital and DC Characteristics 


Power Supply Current 

Ico Vcc 
■ss/ Vss 

. 4 



30 

18 

50 

30 


30 

18 

50 

30 

< < 
E £ 

Power Supply Rejection 

-n 

7 









Vcc 


DC 


80 



80 


dB 



DC to 25kHz 


50 



50 


dB 

Vss 


DC 


80 



80 


dB 



DC to 25kHz 


50 



50 


dB 

V|lclk/ Clock Input Low Voltage 

4 




0.8 



0.8 

V 

Vihclk/ Clock Input Fligh Voltage 

4 


3.5 


Vcc 

3.5 


Vcc 

V 

Ili, Input Leakage Current (CCLK) 

4 

AGND < V,N < Vcc 



±200 



±200 

M 

V|L, Input Low Voltage 

4 




0.8 



0.8 

V 

V|H/ Input Fligh Voltage 

4 


2.0 


Vcc 

2.0 


Vcc 

V 

Vql/ Output Low Voltage 

4 

Iql 2.0mA 



0.45 



0.45 

V 

Vqh/ Output Fligh Voltage 

4 

Iqh -400/iA 

2.4 



2.4 


— 

V 

II, Input Leakage Current 

4 

DGND < V,N < Vcc 



±10 



±10 

M 

(except CCLK) 










Ihi-Z/ Output Leakage Current 

4 

«>V,H 



±10 



±10 

M 

Cj, Input Capacitance 

5 



10 



10 


PF 

(all digital inputs) 










Co, Output Capacitance 

5 



10 



10 


PF 

(all digital outputs) 











Micro Linear 


2-35 




ML2221 


ELECTRICAL CHARACTERISTICS (Continued) 







TYP 



SYMBOL 

PARAMETER 

NOTES 

CONDITIONS 

MIN 

(Note 3) 

MAX 

UNITS 


AC Electrical Characteristic (Note 8) 


tc 

Conversion Time 

4, 9 

^CCLK = 5MHz iCClK^ 

= -0") 

44 



JUS 


Sample and Hold Acquisition 

4, 9 

kciK = 5MHz (CCLK^ 

= -0") 

3.2 



fJS 

fcCLKO 

Clock Frequency 

5, 9 

Crystal (CCLK-^ = "0") 

3 


5 

; MHz 




Driven (CCLK-i- = "0") 

0.1 


■■ "5,, 

MHz 

^CCLK 

Clock Duty Cycle 

5, 9 

Driven 

40 


60 

% 

fcCLKO 

Clock Width 

5, 9 

Driven (CCLK-^ = "0") 

High 

50 



ns 





Low 

50 



ns 

^'CCLKI 

Clock Frequency 

5,9 

Driven (CCLK^ = "1") 

0.05 


2.5 

MHz 

^CCLKI 

Clock Width 

5 

Driven (CCLK-^- = "1") 

High 

150 



ns 





Low 

150 



ns 

tCSB 

CS Low to BUSY Driven 

4 




85 

ns 

tcseHZ 

High to BUSY, Hi-Z 

4 




85 

ns 

tsCLKsA 

SCLK High to BUSY 

5 

Gated SCLK 



270 

ns 

tcCLKB^ 

CCLK Low to BUSY, Deassert 

5 




160 

ns 

tsCLK, DO 

Serial Clock Low to DO Valid/Hold 

4 




190 

ns 

tcs, DO 

CS Low to DO Driven 

4 




85 

ns 

tcs, doHZ 

^ High to DO Hi-Z 

4 




85 

ns 

tcs, CCLK 

CS Low Setup Time to CCLK 

4 

Immediate Conversion Start 

0 



ns 

tcs, SCLK 

CS Low Setup to SCLK Low for 
No-Delay Data Transmit 

5 




75 

ns 

tcCLK, SCLK 

CCLK to SCLK Output Delay 

5 

SCLK|n/out = 



225 

ns 


Note 1: Absolute maximum ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless otherwise 
specified are measured with respect to ground. 

Note 2: 0°C to +70°C and -40°C to +85°C operating temperature range devices are 100% tested with temperature limits guaranteed by 100% 

testing, sampling, or by correlation with worst-case test conditions. 

Note 3: Typicals are parametric norm at 25°C. 

Note 4: Parameter guaranteed and 100% production tested. 

Note 5: Parameter guaranteed. Parameters not 100% tested are not in outgoing quality level calculation. 

Note 6: Common mode rejection is the ratio of the change in zero error to the change in common mode input voltage. 

Note 7: Power supply rejection is the ratio of the change in zero error to the change in power supply voltage. 

Note 8: All parameters measured from 0.8V to 2.0V, C^ = 50pF. 

Note 9: Maximum frequency is 1/tcLKi (high) + tcLK^ (low) + rise + fall times, which must be < 2.5 MHz. 
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Figure 1. High Impedance Test Circuits and Waveforms 


CCLK(CCLK4^ 


" 0 ") 


VXAAAA/VWVWVWWWVUWVAAAA 



Figure 2. CS, SCLK Sourced Mode 


ccLKKCLK^ - -0") AAAAAAAA/VWVWXA AAAAAAAAAAA A/ 



Figure 3. CS, SCLK External Mode 
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VW\yWVWWWVWWWV\AA/VW 



SCIKin/OUT - “ 0 ", CS - "0", BUSY REMAINS "1" 


Figure 4. FREERUN Mode 


ccLMccLK^ ■ AAAAAAAAAAAAAAAAAAAAAAAAAy 



Figure 5. Gated SCLK Mode 
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1.0 FUNCTIONAL DESCRIPTION 

1.1 ALGORITHMIC A/D CONVERTER 

Micro Linear's algorithmic converter uses a successive 
approximation technique. Most of today's successive 
approximation converters use a DAC to feedback the 
approximated signal, however this technique requires 
more circuitry than algorithmic converters. In addition 
the values of all of the resistors or capacitors in the 
DAC must be matched to within the accuracy of the 
converter. This is difficult beyond 10 bits unless 
trimming is used. An algorithmic converter uses less 
circuitry and is more easily trimmed. Micro Linear's 
algorithmic converter is implemented using a 2x 
amplifier, a sample/hold amplifier and a comparator as 
shown in Figure 6. 

The input sample is first multiplied by two then 
compared to the reference voltage. If the 2x input 
voltage is greater than the reference, the MSB is a 1 
and the reference voltage is subtracted from the 2x 
input voltage. The remainder is stored in the sample 
and hold. If the 2x input voltage is less than the 
reference, the MSB is a 0 and the 2x input voltage is 
stored in the sample and hold. This process repeats 
again, however now the sample and hold voltage is 
multiplied by 2. 

The algorithm involves multiplication by 2, comparison, 
and possibly subtraction. Referring to Figure 6, the 
algorithm for the circuit can be described as follows: 

Step 1 If (2 X V|n) - Vref > 0 
then MSB = 1 

(2 X v,n) - Vref^S/H 
else MSB = 0 

(2 X V|n)-S/H 

Step 2 If (2 X S/H) - Vref ^ 0 
then next bit = 1 

(2 X S/H) - Vref-S/H 
else next bit = 0 

(2 X S/H)-S/H 

Step 3 Repeat Step 2 until conversion complete. 


Since the A/D converter handles bipolar inputs, 
negative inputs are handled slightly differently using the 
same principle. 

1.1.1 Self Calibration 

In order to maintain integral and differential linearity in 
an algorithmic converter, two critical parameters need 
to be controlled, loop offsets and the gain of the loop. 
Loop offsets are automatically nulled before each 
conversion using auto-zeroing circuitry on both the 
sampling amplifier and the 2x amplifier. The gain of the 
loop is adjusted using self calibration. 

Self calibrating the algorithmic converter, once the 
offsets have been nulled, is performed by measuring 
the 2x gain of the loop and adjusting it. The gain can 
be measured by converting the reference voltage at the 
input as well as the reference (Vref/Vref), and 
examining the output code. Converting Vref should 
yield plus full scale, since Vref/Vref should equal 1. If 
the gain of the loop is slightly less than 2, the resulting 
LSB of the conversion will be "0". If the magnitude bits 
of the resulting conversion are all "Is", the gain may be 
too great, therefore the gain is reduced to the point 
where the threshold of the LSB is reached. 

Adjustment of the 2x gain is done with the binary 
weighted trim capacitor arrays connected to each of 
the 2C Input capacitors. A small value of capacitance is 
either added to or subtracted from the 2C input caps 
until the gain of the loop is within 13-bit accuracy. 

Self calibration is done at the factory. The calibration 
process is not available at the finished product level. 



Figure 6. Self Calibrating A/D Converter 
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1.1.2 Conversion Times 


The following table lists the conversion times which 
include the sample and hold acquisition time. 


OPERATION MODE 

INTERNAL CLOCKS* 

SCLK External 

124 

CS, SCLK Sourced 

124 

FREERUN 

110 

Gated SCLK 

124 


1.1.3 Sample and Hold Timing 

Figure 7 shows the internal timing for the sample and 
hold circuitry. The relationship between the start of 
conversion and the input channel going into sample 
mode is fixed at 6 internal clocks*, regardless of the 
start mode. Six internal clocks after the start of 
conversion the sample and hold is switched into the 
sample mode, placing two 9pF capacitors in parallel 
with the input pins; one on V||si+ and one on V|n-. The 
sample switch is kept in the sample mode for 8 Internal 
clocks (3.2//S at a 5MHz external clock, if CLK-^ = 0), 
then placed in the hold mode. During the next 2 
Internal clocks the charge on the sample and hold is 
transferred into the A/D, after which the Vref P'n is 
sampled for 8 internal clocks. 

1.2 ANALOG INPUTS 

1.2.1 Differential Inputs and Common Mode Rejection 

The differential inputs of the ML2221 eliminate the 
effects of common mode input noise (60Hz for 
example), as V|tM+ and Vin- are sampled at the same 
time. 


1.2.2 ' Noise 

The leads to the analog inputs should be kept as short 
as possible to minimize input noise. Noise as well as 
digital clocks can couple into the Inputs and cause 
errors. Input filters can be used to reduce the effects of 
these sources. 

1.2.3 Power Supply Decoupling 

Low inductance tantalum capacitors of l/wF or greater 
and O.Olyt/F disc ceramic capacitors are recommended 
for bypassing Vcc as well as Vss to AGND. These 
capacitors should be placed close to the Vcc and Vss 
pins. 

1.3 CONVERTER CLOCK 

The CCLK input can be driven with an external clock 
or a crystal referenced to DGND. The crystal must be 
parallel resonant with minimum capacitive loading. (I.e., 
no bypass caps should be used and leads should be 
kept short) 

If driven with external clock and if the CCLK-^ pin is 
tied to Vcc/ the frequency must be between 50KHz to 
2.5MHz with the requirement that clock LOW (tccLKl) 
and clock HIGH (tccLKH) durations must be more than 
150ns. If the CCLK-^ pin is tied to ground then the 
frequency can be from lOOKHz to 5.0MHz. 

For crystal operation with the divide by two flip flop 
bypassed, and there is a 30 to 70% variation in duty 
cycle of the oscillator, the maximum crystal frequency is 
2.0MHz to insure that the minimum clock high and low 
times are greater than 150 nsec. 


* For a description of internal clocks see Clock section. 


Il 12 I 13 28 129 32I33 48 149 

EXTERN^ CL(XK finjiTiimnnjuiriJijmjinlinnjuuumniumnnjinfumatmj^^ 

I I .1.1 I 

INTFRNAl rinrif ! ^ 2 3 4 5 6 | 7 8 9 10 11 12 13 14 j 15 16 j 17 18 19 20 21 22 23 24 ! 25 26 

OR ExnRNAL a^K 


t 


START OF CONVERSION 


I . . V 

U--SAMPLING INPUT- 


-SAMPLING REFERENCE-^ 


Figure 7. Sample and Hold Timing 
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1.4 RESET 

The RESET pin has an internal 100K pullup resistor. 
Power supplies must be stable to within a +5% 
tolerance before the reset condition is removed. 

The active low hardware reset can be pe rforme d by a 
capacitor value (usually >6/yF) tied to the RESET pin or 
by driving it with the system reset signal. 

1.5 DIGITAL INTERFACE 


All four synchronous interface modes of operation are 
determined by CS during reset period as follows: 


Logic Level of 

CS During Reset 

SCLK 

Mode Select 

(SCLK,N/out) 

Serial lnterfac]e Mode 

0 

0 

FREERUN 

0 

1 

Gated SCLK 

1 

0 

CS, SCLK Sourced 

1 

1 

SCLK External 


After the reset time, the SCLK||sj/ouT pin can be 
changed to switch between either (FREERUN and Gated 
SCLK) or (CS, SCLK Sourced and CS, SCLK External). 

The logic level of CS will not change the mode of 
operation of the ML2221 once the mode of operation is 
programmed during the RESET period. 


a. Serial Transmission < Conversion Time 


1.5.1 CS, SCLK External Mode 

CS starts a conversion. The SCLK is continuously driven 
into the ML2221 and data from the previous conversion 
is shifted out at the SCLK rate starting at the first SCLK 
falling edge from the CS assertion. CS is normally kept 
low for all 16 bits of data, but can be brought back 
high after the desired number of bits have been shifted 
out. CS should be held low for a minimum of 124 
internal clocks (see Figure 8) for the conversion 
to complete. 

It takes 110 internal clocks to convert an analog signal 
Into 13 bits of data plus 13 more clock periods to make 
data available. At a koMHz clock and CCLK-^ = OV, the 
maximum conversion rate is 49.6 microseconds or 124 
internal converter clocks. 

When CS is asserted (LOW) a conversion begins and 
the DO output becomes active. The ML2221 is ready to 
shift out the data serially. 

The BUSY output is in the high impedance state when 
the ML2221 is not selected. When CS input goes low, 
the BUSY output is driven high or low depending on if 
a conversion is in progress. Once a conversion begins, 
BUSY is held active for 123 internal converter clocks. 

The DO output is high impedance when the ML2221 is 
not selected. When CS input goes low, it is driven with 
the first bit of data initially, and then begins to put out 
ail subsequent data bits on each FALLING edges of the 
serial clock (SCLK). Data is always output in 16 bit 
format: if the LSB is output first, the data is sign 
extended after 13 bits; if the MSB is output first, the 
data is zero-filled after 13 bits. DO remains driven as 
long as CS remains low. 


CS 


BUSY 


SCLK 

DO 



J \ 


h 


CONVERSION 1 


1 


^ CONVERSION 2 ^ 


I CONVERSION 3 | 


y-\_/-\_/ Y 


IIIIIIIIIIIIIMIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIMIIIIIIIIIINIIIIII 

---Jiniumw--- - 

, XMIT PREVIOUS DATA , 1_XMIT DATA 1_, I_XMIT DATA 2 | 


NOTE: CONVERSION TIME EQUALS 124 INTERNAL CLOCK OR CCLK'S IF CCLK-^ = "1" 


Notes: 

1. Use 10k pulldown resistor on BUSY pin to get "true" convert busy, 

2. If CS is brought high in the middle of a serial data transmission, the data transmission is aborted and the data is reloaded into the output shifter. 


Figure 8. CS, SCLK External Mode 


Micro Linear 


2-41 








ML2221 


1.5.2 CS, SCLK Sourced Mode 

Conversion is initiated by CS. In this mode, SCLK is 
sourced by the ML2221. At the end of the conversion, 
the device will provide a packet of 16 SCLKs to transmit 
the 16 bits data stream (see Figure 9). The data rate at 
which the data is being transmitted is (internal clock)/4. 
For example, when CCLK^ = 1, CCLK = 256kHz, the 
data rate is 64Kbps. 

CS should be held low during the entire conversion 
and the transmission sequence. The time required to 
convert an analog signal is 110 clocks, with additional 

b. Serial Transmission > Conversion Time 


13 clocks to shift out the data. The total conversion 
time is therefore 123 clocks plus one bit delay. Data 
transmission will need 64 (16-bit x 4) internal clocks. 
Hence, the total clock cycles to complete one 
operation in this mode is 188 clocks. CS therefore 
should be held low for a minimum of 188 clocks. 

Example: If CCLK = 5 Mhz, CCLK-^ = 0, the maximum 
conversion time will be 752fjis, Therefore, the maximum 
frequency for CS is 13.3kHz. 

In this mode, the data transmitted is always the 
current data. 




> 124 INTERNAL CLKS- 

_ 


miir~\ _ miiT~\ 


CONVERSION 1 ^ ^ CONVERSION 2 ^ ^ CONVERSION 3 


BUSY _ ^ 

\ - / 

V— / 

\ _/ 

iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiH^ 

---iMUMlf'--- 

----iJlMllIllL —- 


------iiuuim 

XMIT 

PREVIOUS 

I DATA I 

XMIT DATA 1 . 

XMIT DATA 2 

, XMIT DATA 3 , 


Notes: 

1. Use 10K pulldown resistor on BUSY pin to get 'TRUE" convert BUSY status. 

2. If CS is brought HIGH in the middle of a serial data transmission, the data transmission is aborted and the data is reloaded into the output 
shifter. 


CS 

CONV 

BUSY 


Figure 8. CS, SCLK External Mode 




/—V 


I *110 @ I *13 I *64 ^ 


@ 



SCLK 





♦NUMBER OF INTERNAL CONVERTER CLOCKS OR C CLKS WITH C CLK^ = " 1 " 


Notes: 

1. UseJOK pulldown resistor on BUSY pin to get "TRUE" convert BUSY status. 

2. If CS is brought HIGH in the middle of a serial data transmission, the data transmission is aborted and the data is reloaded into the output 
shifter. 

Figure 9. CS, SCLK Sourced Mode 
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1.5.3 FREERUN Mode 

The FREERUN mode executes continuous back-to-back 
conversions at the rate of 110 internal converter clocks 
per conversion, and outputs 16 bits of data and 16 
corresponding SCLKS at the rate of 4 internal converter 
clocks per bit (see Figure 10). The ML2221 immediately 
begins converting after reset and starts outputting data 
after the first conversion. A conversion rate of 44 
microseconds can be achieved by using the maximum 
CCLK frequency. 

In the FREERUN mode, SCLK can not be sourced 
externally. The SCLK provided internally by the device 
is equal to (internal clock)/4. Since the converter is 
performing continuous conversion, BUSY is therefore 
always asserted. 

1.5.4 Gated SCLK Mode 

In this mode of operation, an external SCLK source 
must be used. This external SCLK should be a 16 clock 


packet which will be used by the converter to send out 
the data and initiate the conversion simultaneously (see 
Figure 11). 

The data transmitted by ML2221 is the data from the 
previous conversion (see Figure 11). Therefore, in order 
to ensure integrity of the first data byte, the first SCLK 
signal should be initiated after a minimum of 124 
internal clocks after reset. After the reception of the 
first SCLK signal, the converter will start the conversion 
process which is 124 clock as mentioned. Therefore the 
minimum time required between initiation of 
conversion by the SCLK should be no less than 124 
clocks. In the case of maximum CCLK at 5MFtz, the 
minlumum time interval between two packets of SCLK 
should be 49.6//S. 

The BUSY output never floats and is asserted at the first 
SCLK and deasserted after 123 Internal converter clocks. 
DO is always driven. 


RESET ^ 

. *110 ® . 

® 

■ 

© 

® 

© 

© 

CUNVtKMUN 1 1 1 ' 1 I 

BUSY 

♦13 

SCLK(OUT) Hill 

... 

III, .. 

... 

.. 


♦64 



■1 

°° //////////////////// [] 

liimi 

mmi 

illIM.llilMJ 


® @ @ @ © 


♦NUMBER OF INTERNAL CONVERTER CLOCKS OR CCLKS WITH CCLK-^ = "1 


Note: DO is always driven. 


Figure 10. FREERUN Mode 


a. Serial Data Transmission < Conversion Time 


RESET 

• , mu , ’”0 , , 

CONVERSION I- 1 - 1 I- 1 - 1 I--- 1 - 1 


BUSY 



ononjnii i i nojn'oii 


DO D1 D2 


DO D1D2 


n n"n 


I_I I_ 

DATA0 DATA@ 

♦NUMBER OF INTERNAL CONVERTER CLOCKS OR CCLKS WITH CCLK-^ = "1" 

Note: Time from first SCLKt to seventeenth SCLKt must be greater than 124 internal converter clocks. 

Figure 11. Gated SCLK Mode 


j^Micro Linear 


2-43 








ML2221 


1.6 DATA FORMAT 

The MSB pin determines if the MSB or LSB data is 
transmitted first and in the following format. If more 
than 13 SCLK's occur. 


MSB = 1 


MSB = 0 


FIRST LAST 


E 

E 

E 


8 

B 


5 

4 

3. 

2 

1 

0 



n 

ZERO FILL 

FIRST LAST 

E 

E 

E 

B 

4 

B 


7 

8 

B 

10 

11 

E 

E 

E 

E 


SIGN 

EXTEND 


b. Serial Data Transmission > Conversion Time 


RESET 

CONVERSION 

BUSY 




© 




@ 






13 14 15 16 


2 3 4 5 


D1 D2 D12 D13 D14 D15 DO D1 D2 D3 D4 


XMIT DATA® 


XMIT DATA @ 


Note: Time from first SCLKt to seventeenth SCLKt must be greater than 124 internal converter clocks. 

Figure 11. Gated SCLK Mode 
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APPLICATIONS 


START 

MNEMONIC 

INSTRUCTION 

START 

BCLRn 

Bit 0 Port C goes low (CS goes low) 


LDA 

Load contents of SPI data register into 
Acc. (Dout MSBs) 


STA 

Start next SPI cycle 


AND 

Clear 3 MSBs of first Dqut word 


STA 

Store in memory location A (MSBs) 


TST 

Test status of SPIF 


BPL 

Loop to previous instruction if not 
done with transfer 


BSETn 

Set BO of Port C (CS goes high) 


LDA 

Load contents of SPI data register into 
Acc. (Dqut LSBs) 


STA 

Store in memory location A + 1 (LSBs) 
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68HC05C4 


5V 


MSB 

J 


DO 


MISO 


_ / 

“_rirnimiriJiri_miiimiriJirL 


“ — \ 




BT2 

n 


B9 1 

B8 











B12 

B12 

B12 

B12 

1 Bit 

0 

1 B9 

B8 


B7 


B5 


n 


n 

BO 









B7 

0 

B5 

1 B4 

1 B3 

0 

E 

BO 


WORD I _ BYTE 1 _ . i _ BYTE 2 

RECEIVED TRANSFER ^ ^ TRANSFER 


RAM LOCATION A LOCATION A + 1 

STORE 


Figure 12. Interfacing to 68HC05C4 with a Dedicated Serial Port 



Figure 13. Adjusting Zero Error 





MODE 0 




8051 

j 

CCLK 

+5V 



ML2221 

SCLK|n/out 

DO 

SCLK 

CS 

J 

RXD/P3.0 

3- 


TXD/P3.1 





TXD/P3.2 






Figure 14. 1 Mbps 8051 Interface 
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-5V TO +5V 
ANALOG 
INPUT 



Figure 15. Optical Isolated 8088 Interface 


ORDERING INFORMATION 


PART NUMBER 

LINEARITY 

ERROR 

TOTAL 

UNADJUSTED ERROR 

TEMPERATURE 

RANGE 

PACKAGE 

ML2221BCP 

ML2221BIJ 

ML2221CCP 

ML2221CIJ 

±3/4 LSB 

±11/2 

0°C to +70°C 
-40°C to +85°C 

0°C to +70°C 
-40°C to +85°C 

MOLDED DIP (P16) 
HERMETIC DIP (J16) 
MOLDED DIP (P16) 
HERMETIC DIP (J16) 

±1 LSB 

± 21/2 
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December 1989 
PRELIMINARY 

ML2222 


Serial, CODEC/DSP Interface 
12-Bit Plus Sign A/D Converter with S/H 


GENERAL DESCRIPTION 

The ML2222 is a member of Micro Linear's 12-bit plus 
sign CMOS A/D converter family utilizing a self 
calibrating algorithmic SAR technique. All errors of the 
sample-and-hold are accounted for in the analog-to-digital 
converter's accuracy specification. 

These A/D converters have a maximum nonlinearity 
error over temperature of ±0.012% or ±0.024% of full 
scale. 

The CODEC serial interface is compatible with the 
communication industry standard protocol of PCM 
(Pulse Code Modulation). The ML2222 upon receiving, 
the transmit frame synchronization pulse (FSX), shifts 16 
bits of data. 

The transmit clock may vary from 64 KHz to 2.048 MHz. 

The serial interface allows either MSB or LSB first data 
with 2's complement output coding. Eor easy interface 
to microprocessors and shift registers the output data 
word is 16 bits. 


FEATURES 

■ Standard communication industry protocol for 
timing and frame sync 

■ Transmit clock from 64 KHz to 2.048 MHz 

■ Nonlinearity error ±1/2 LSB and ±1 LSB max 

■ Conversion time 

(including S/H acquisition) 31.5ps max 

■ Harmonic distortion 0.01% 

■ No missing codes 

■ Self calibrating — maintains accuracy over time 
and temperature 

■ Inputs withstand 17VI beyond supplies 

■ Bipolar -2.5V to +2.5V analog input range 

■ 0°C to +70°C, -40°C to +85°C temperature range 

■ 16-pin DIP 


BLOCK DIAGRAM 


PIN CONNECTION 
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V|N+0- 
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PRELIMINARY 


ML2223 


Asynchronous Serial Interface 
12-Bit Plus Sign A/D Converter with S/H 


GENERAL DESCRIPTION 

The ML2223 is a member of Micro Linear's 12-bit plus 
sign CMOS A/D converter family utilizing a self 
calibrating algorithmic SAR technique. All errors of the 
sampie-and-hold are accounted for in the analog-to- 
digital converter's accuracy specification. 

These A/D converters have a maximum nonlinearity 
error over temperature of ±0.009% or ±0.012% of full 
scale. 

For easy interface to microprocessors, the ML2223 is 
designed to transmit data into RS-232 type ports. 

The ML2223 operates in an asynchronous mode of 
operation. In this mode, the A/D continuously 
transmits 2 bytes in a 24-bit st ream, inserting 8 idle bits 
between transmissions. When CURR input pin is tied 
high, transmission of the previous data begins 
immediately upon receiving a conversion start request. 
When CURR is low, transmission is started after a new 
conversion is completed. 

The serial data clock can be generated by the ML2223 
or it can be provided by an external source. 

The serial Interface provides LSB first data with 2's 
complement output coding. 


FEATURES 

■ RS-232 compatible asynchronous Interface 

■ One-wire data transmission 

■ Continuous conversions 

■ Nonlinearity error ±^A LSB and ±1 LSB max 

■ Conversion time 

(including S/H acquisition) 45.6//S max 

■ Bipolar -5V to +5V analog input range with ±5V 
power supplies 

■ Harmonic distortion 0.01% 

■ No missing codes 

■ Self calibrating — maintains accuracy over time 
and temperature 

■ Inputs withstand l7V| beyond supplies 

■ 0°C to +70°C, -40®C to +85°C temperature range 

■ Standard .3" 16-pin DIP 


BLOCK DIAGRAM 


PIN CONNECTION 

16-Pin DIP 


Vref Vss clkmode cclk Vcc 



AGND RESET DGND 


V|N+ [ 

1 

y- — 

16 

^ AGND 

VlN- [ 

2 

15 
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Vref [ 
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14 

] CCLK 
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2 CLKMODE 

INSCLK [ 

5 

12 

] RESET 

DGND [ 

6 

11 

] CURR 

SCLK [ 

7 

10 

] RESERVED 

Dout [ 
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9 

] BUSY 
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PIN DESCRIPTION 

PIN 

NO. NAME _ FUNCTION _ 

1 V|N+ Positive Differential Analog Input; 

range = Vss < V|fsi + < Vco 
|(V|N+) - (V|N-)| ^ Vref- 

2 V|N- Negative Differential Analog Input- 

range = Vss < V|N - < '^CO 
|(V|N+) - (V|N-)| ^ Vref- 

3 Vref Voltage Reference Input- 

referenced to analog ground. 

4 Vss Negative Supply -5V ± 5%; 

decouple to AGND. 

5 INSCLK SCLK Mode Select 

This pin is used to select SCLK pin 
as an input or an output. When 
INSCLK is high, SCLK is an input. 
When INSCLK is low, SCLK 
becomes an output pin. SCLK will 
then provide a clock at 1/128 or 
1/256 depending on how the 
CLKMODE pin is set-up. 

6 DGND Digital Ground. 

7 SCLK Serial Data Transmit Clock. 

The serial data will always be 
transmitted at the frequency of 
the clock present at this pin. The 
SCLK pin can be programmed as 
an Input or an output by using 
the INSCLK pin (pin 5), When the 
SCLK is used as an output pin. The 
data rate will be the internal 
converter clock divided by 128. 
When CLKMODE = 1, SCLK = 
CCLK/128. When CLKMODE = 0, 
SCLK = CCLK/256 

8 DO Data Out. Digital output which 

contains result of A/D conversion. 
The serial data is clocked out on 
falling edges of SCLK. 


PIN 

NO. NAME FUNCTION 

9 BUSY Three-state active high BUSY 

status output. Normally low. Goes 
high to Indicate that a conversion 
Is in progress; de-asserted when 
conversion Is complete and data is 
available from the conversion just 
completed. A pulldown resistor Is 
recommended on this pin. 

10 RESERVED This pin should be tied to ground. 

11 CURR Current or Previous Data Mode 

pin. When this pin is tied high, 
the data will be transmitted at the 
start of a conversion (previous 
data mode). When CURR is tied 
low, the data will then be 
transmitted at the completion of 
the conversion. 

12 RESET Active Low Reset. The RESET 

period is set by the time constant 
of the internal 100K pull up resistor 
and an external capacitor. After 
the RESET period the converter 
will be ready for accepting 
requests or will automatically start 
conversions/transmissions based 
upon the mode. 

13 CCLKMODE Clock mode pin. When 

CLKMODE pin = 1, the internal 
converter clock = CCLK. When 
CLKMODE pin is tied low, the 
internal converter clock = CCLK/2. 

14 CCLK Clock Input. Internal clock can be 

generated by tying a crystal from 
this pin to DGND or applying a 
clock directly to the pin. 

15 Vcc Positive Supply. +5V + 5% 

decouple to AGND, 

16 AGND Analog Ground 0 Volts. Common 

mode reference point of the 
internal differential circuitry. 



ABSOLUTE MAXIMUM RATINGS 

(Note 1) 

Supply Voltage (Vcc) . 6 . 0 V 

Negative Supply Voltage (Vss) . -6.0V 

Voltage at Analog 

Inputs . Vss - TV to Vcc TV 

Voltage at Vr^p . Vss — TV to Vcc ■*" TV 

Input Current per Digital Pin . +10mA 

Input Current at Analog Inputs . ±20mA 

Storage Temperature Range. -65®C to +150°C 

Package Dissipation at 25‘’C (Board Mount) . 875mW 

Lead Temperature (soldering 10 seconds) 

Dual-ln-Line Package (Molded) . 260°C 

Dual-ln-Line Package (Ceramic) .. 300®C 


OPERATING CONDITIONS 

(Note 2) 


Temperature Range . Tmin < Ta < Tmax 

ML2223Blj, ML2223CIJ . -40°C to +85°C 

ML2223BCB ML2223CCP .0°C to +70°C 

Supply Voltage (Vcc) . 4.5 Vdc to O.OVqc 

Negative Supply Voltage (Vss) . -4.5 Vdc to -6.0 Vdc 

Reference Voltage (V^pp) .. Vcc 


Micro Linear 


2-49 





















ML2223 


ELECTRICAL CHARACTERISTICS 

The following specifications apply for Vcc = +5V ± 5%, Vss = -5V ± 5%, Vref = +4.75y Vin- = AGND, 
V|N+ = -4.75V to +4.75V, Ta = Tmin to Tmax unless otherwise specified. 





ML2223Bli^ ML2223CIJ 

ML2223BCP, ML2223CCP 


PARAMETER 

NOTES 

CONDITIONS 

MIN 

TYP 

(Note 3) 

MAX 

MIN 

TYP 

(Note 3) 

MAX 

UNITS 


Converter Characteristics 


Linearity Error 

ML2223BXX 

ML2223CXX 

4 

fccLK = 0.1 < 5MHz 



I -^- 

■ ±3/4 
±1 



±3/4 

±1 

LSB 

LSB 

Unadjusted Zero Error 










ML2223B)0( 

4 




±3/4 



±3^ 

LSB 

ML2223CXX 





±2' 



±2 

LSB 

Unadjusted Positive and Negative 

4 




±5^ , 



±4 

LSB 

Full-Scale Error 










Zero Error Temperature Coefficient 




0.5 



0.5 


ppmFS/ 

°C 

Gain Temperature Coefficient 




10 



10 


ppmFS/ 










°C 

Common Mode Rejection 

5, 6 


80 



80 



dB 

Analog Input Source Resistance 

4 




2 



2 

kO 

Analog Input Range 

4 

V|fs|+ Referred to Vin- 

-Vref 


+Vref 

-Vref 


+VREF 

V 

Analog Input Leakage Current 

4 




100 



100 

nA 

Voltage Reference Input Source 

4 




0.5 



0.5 

kO 

Impedance 






. 




Reference Input Leakage Current 

4 




100 



100 

nA 


Digital and DC Characteristics 


Power Supply Current 

■co Vcc 

Iss/Vss ^ 

4 



30 

18 

50 

30 


30 

18 

50 

30 

< < 
E E 

Power Supply Rejection 

7 









Vcc 


DC 


80, 



80 


dB 



DC to 25kHz 


50 



50 


dB 

Vss 


DC 


80 



80 


dB 



DC to 25kHz 


50 



50 


dB 

Vilclki Clock Input Low Voltage 

4 




0.8 



0.8 

V 

ViHCLKr Clock Input High Voltage 

4 


3.5 


Vcc 

3.5 


Vcc 

V 

Ili, Inpgt Leakage Current (CCLK) 

4 

DGND < ViN ^ Vcc 



±200 



±200 

fjA 

V|L, Input Low Voltage 

4 




0.8 



0.8 

V 

V|H, Input Ftigh Voltage 

4 


2.0 


Vcc 

2.0 


Vcc 

V 

Vql/ Output Low Voltage 

4 

Iql - 2.0mA 



0.45 



0.45 

V 

VoH/ Output High Voltage 

4 

loH = -400A/A 

2.4 



2.4 



V 

\ij Input Leakage Current 

4 

DGND < V,N < Vcc 



±10 



±10 

fiA 

(except CLK) 










Ihi-Z/ Output Leakage Current 

4 

^>V,H 



±10 



±10 

M 

C|, Input Capacitance 

5 



' 10 



10 


pF 

(all digital inputs) 










Cqz Output Capacitance 

5 



10 



10 


PF 

(all digital outputs) 
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ELECTRICAL CHARACTERISTICS (Continued) 







TYP 



SYMBOL 

PARAMETER 

NOTES 

CONDITIONS 

MIN 

(Note 3) 

MAX 

UNITS 


AC Electrical Characteristics (Note 8) 



Conversion Time 

4, 9 

fccLK = SMHz (CCLKMODE 

= "0") 

45.6 



fJS 

^CCLKO 

Clock Frequency 

5, 9 

Crystal (CCLKMODE = "0") 

.3 


5 

MHz 




Driven (CCLKMODE = "0") 

.1 


5 

MHz 

^CCLKO 

Clock Width 

5, 9 

Driven (CCLKMODE = "0") 

High 

50 



ns 





Low 

50 



ns 

^CCLKI 

Clock Frequency 

5 

^Driven (CCLKMODE = "V) 

.05 


2.5 

MHz 

1 

fcCLKI 

Clock Width 

5 

Driven (CCLKMODE = "V) 

High 

150 



ns 





Low 

150 



ns 

tsCLK, DO 

Serial Clock Low to DO Valid/Hold 

4 


_i 


190 

ns 


Note 1; Absolute maximum ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless otherwise 
specified are measured with respect to ground. 

Note 2: 0°C to +70°C and -40°C to +85°C operating temperature range devices are 100% tested with temperature limits guaranteed by 100% 

testing, sampling, or by correlation with worst-case test conditions. 

Note 3: Typicals are parametric norm at 25“C. 

Note 4: Parameter guaranteed and 100% production tested. 

Note 5: Parameter guaranteed. Parameters not 100% tested are not in outgoing quality level calculation. 

Note 6: Common mode rejection is the ratio of the change in zero error to the change in common mode input range. 

Note 7: Power supply rejection is the ratio of the change in zero error to the change in power supply voltage. 

Note 8: All parameters measured from 0.8V to 2.0V, = 50pF. 

Note 9: Maximum frequency is l/t^LKi (high) + t^LK^ (low) + rise + fall times, which must be < 2.5 MHz. 


.y—' 








tSCK,DO 


Serial Clock to Data Out Delay 
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Figure 1. High Impedance Test Circuits and Waveforms 


1.0 FUNCTIONAL DESCRIPTION 

1.1 ALGORITHMIC A/D CONVERTER 

Micro Linear's algorithmic converter uses a successive 
approximation technique. Most of today's successive 
approximation converters use a DAC to feedback the 
approximated signal, however this technique requires 
more circuitry than algorithmic converters. In addition 
the values of all of the resistors or capacitors in the 
DAC must be matched to within the accuracy of the 
converter. This is difficult beyond 10 bits unless 
trimming is used. An algorithmic converter uses less 
circuitry and is more easily trimmed. Micro Linear's 
algorithmic converter is implemented using a 2x 
amplifier, a sample/hold amplifier and a comparator as 
shown in Figure 2. 

The Input sample is first multiplied by two then 
compared to the reference voltage. If the 2x input 
voltage is greater than the reference, the MSB is a 1 
and the reference voltage is subtracted from the 2x 
input voltage. The remainder is stored in the sample 
and hold. If the 2x input voltage is less than the 


reference, the MSB is a 0 and the 2x input voltage is 
stored in the sample and hold. This process repeats 
again, however now the sample and hold voltage is 
multiplied by 2. 

The algorithm involves multiplication by 2, comparison, 
and possibly subtraction. Referring to Figure 2, the 
algorithm for the circuit can be described as follows: 

Step1 If (2 X v,n) - Vref > 0 
then MSB = 1 

(2 X v,n) - Vref-S/H 
else MSB = 0 

(2 X V|n)-S/H 

Step 2 If (2 X s/H) - Vref ^ 0 
then next bit = 1 

(2 X S/H) - Vref-S/H 
else next bit = 0 

(2 X S/H)-S/H 

Step 3 Repeat Step 2 until conversion complete. 



Figure 2. Self Calibrating A/D Converter 
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Since the A/D converter handles bipolar inputs, 
negative inputs are handled slightly differently using the 
same principle. 

1.1.1 Self Calibration 

In order to maintain integral and differential linearity in 
an algorithmic converter, two critical parameters need 
to be controlled, loop offsets and the gain of the loop. 
Loop offsets are automatically nulled before each 
conversion using auto-zeroing circuitry on both the 
sampling amplifier and the 2x amplifier. The gain of the 
loop is adjusted using self calibration. 

Self calibrating the algorithmic converter, once the 
offsets have been nulled, is performed by measuring 
the 2x gain of the loop and adjusting it. The gain can 
be measured by converting the reference voltage at the 
input as well as the reference (Vrep/Vref), and 
examining the output code. Converting Vref should 
yield plus full scale, since Vref/Vref should equal 1. If 
the gain of the loop is slightly less than 2, the resulting 
LSB of the conversion will be "0". If the magnitude bits 
of the resulting conversion are all "Is", the gain may be 
too great, therefore the gain is reduced to the point 
where the threshold of the LSB is reached. 

Adjustment of the 2x gain is done with the binary 
weighted trim capacitor arrays connected to each of 
the 2C input capacitors. A small value of caipacitance is 
either added to or subtracted from the 2C input caps 
until the gain of the loop is within 13-bit accuracy. 

The self calibration and trimming is performed in the 
factory at wafer sort. This procedure is not available as 
a finished product. 

1.1.2 Conversion Times 


The following table lists the conversion times which 
include the sample and hold acquisition time. 


OPERATION MODE 

INTERNAL CLOCKS* 

FREERUN 

113 


1.1.3 Sample and Hold Timing 

Figure 3 shows the internal timing for the sample and 
hold circuitry. The relationship between the start of 
conversion and the input channel going into sample 
mode is fixed at 6 internal clocks.* Six internal clocks 
after the start of conversion the sample and hold Is 
switched into the sample mode, placing two 9pF 
capacitors In parallel with the input pins; one on V|n+ 


and one on V||sj-. The sample switch is kept In the 
sample mode for 8 internal clocks {3.2fjs at a 5MHz 
external clock), then placed in the hold mode. During 
the next 2 internal clocks the charge on the sample and 
hold is transferred into the A/D, after which the Vref P'n 
is sampled for 8 internal clocks. 

* For a description of internal clocks see Clock section. 

1.2 ANALOG INPUTS 

1.2.1 Differential Inputs and Common Mode Rejection 

The differential inputs of the ML2223 eliminate the 
effects of common mode Input noise (60Hz for 
example), as V||s|+ and V|n- are sampled at the same 
time. 

1.2.2 Noise 

The leads to the analog inputs should be kept as short 
as possible to minimize output noise. Noise as well as 
digital clocks can couple into the inputs and cause 
errors. Input filters can be used to reduce the effects of 
these sources. 

1.2.3 Power Supply Decoupling 

Low inductance tantalum capacitors of 1//F or greater 
and 0.01/wF disc ceramic capacitors are recommended 
for bypassing V^c as well as Vss to AGND. These 
capacitors should be placed close to the Vcc and Vss 
pins. 

1.3 CONVERTER CLOCK 

The CCLK input can be driven with an external clock 
or a crystal referenced to DGND. The crystal must be 
parallel resonant with minimum capacitive loading, (i.e., 
no bypass caps should be used and leads should be 
kept short) 

If driven with external clock and if the CLKMODE pin 
Is tied to Vco the frequency must be between SOKFIz 
to 2.5MHz with the requirement that clock LOW (tccLKi) 
and clock HIGH (tccLKh) durations must be more than 
150ns. If the CCLKMODE pin is tied to ground then the 
frequency can be from lOOKHz to 5.0MHz. 

For crystal operation with the divide by two flip flop 
bypassed, and there is a 40 to 60% variation in duty 
cycle of the oscillator, the maximum crystal frequency is 
2.5MHz to insure that the minimum clock high and low 
times are greater than 150 nsec. 


EXTERNAL CLOCK 
CLKMODE = "0" 


INTERNAL CLOCK 
OR EXTERNAL CLOCK 


CLKMODE = ''1" 


ll 121 13 28 129 32 I 33 48i49 

arum|injinmijuuiruui|innnjmjinnjumjumn|uuin]mimniijm 

II II I 



t 

START OF CONVERSION 


-SAMPLING INPUT- 


- SAMPLING REFERENCE - 


Figure 3. Sample and Hold Timing 
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1.4 RESET 

The RESET pin has an internal 100K pullup resistor. 
Power supplies must be stable to within a ±5% 
tolerance before the reset condition is removed. 

The active low hardware reset can be pe rforme d by a 
capacitor value (usually >6//F) tied to the RESET pin or 
by driving it with the system reset signal. 

1.5 SCLK 

The SCLK is used to clock out the data to the 
transmission line via the Dqut P'n. The SCLK can be 
supplied either externally or internally through the use 
of the INSCLK pin. Maximum SCLK frequency is 625kHz. 

In applications where the internal SCLK is used, the 
SCLK is generated by dividing the internal clock by 128. 
For example, when 2.4576MHz crystal is used to 
generate CCLK, this will result in a 19.2Kbps data 
transmission rate (CLKMODE = 1). In the case where 
CLKMODE = 0, then the transmission rate will be 
9.6Kbps. 

1.6 CONVERTER OPERATION 

There are two basic types of operation. By programming 
the CURR pin to "1," the device will be operating in the 


''Previous Data Mode" and when CURR pin ="0," the 
device is in the "Current Data Mode." 

The ML2223 performs continuous conversion. The 
conversion takes 110 clock periods and an additional 13 
clock periods are required for the device to shift out 
the data. In the Current Data Mode, the data are 
transmitted after the conversion is completed. 24-bit 
time of the SCLK (transmit clock) is required to transmit 
the full data frame and an additional 8-blt time of Idle 
Is needed before the next conversion begins. A total of 
32-bit time delay of the SCLK is therefore needed 
between conversions (see Figure 4). 

In the Previous Data Mode, the data is transmitted at the 
start of the conversion (see Figure 5). 

1.7 DATA FORMAT 

The converter data is output in two data byte frame. 
Each frame has one start bit and two stop bits and each 
data byte consists of 8 bits of data and one parity bit. 
The data is transmitted ISB first (see Figure 6). 

The first data byte transmitted is the least significant 
byte with even parity bit and the second byte is the 
most significant byte with odd parity. Thus, the UART 
can identify the lower byte or the upper byte by 
observing the parity error flag in accordance to the 
parity check it has set-up. 



Figure 4. Current Data Mode. 



Figure 5. Previous Data Mode. 
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FIRST 


LAST 


START 

LSB 


START 

BIT SIGN EXTENDED 


4 5 6 7 |Ff 


EVEN PARITY 




STOP 

BIT 


10 11 S S S S P 


ODD PARITY 


J 


STOP 

BIT 


LOWER BYTE 


UPPER BYTE 


APPLICATIONS 


Figure 6. Data Format. 
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OV 
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INSCLK 









9600 BAUDS 



DOUT 

-JJ- 

UART 
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Figure 7. Remote Monitor System. 


ORDERING INFORMATION 


PART NUMBER 

LINEARITY 

ERROR 

TOTAL 

UNADjUSTED ERROR 

TEMPERATURE 

RANGE 

PACKAGE 

ML2223BCP 

ML2223BIJ 

ML2223CCP 

ML2223CIJ 

±3/4 LSB 

±iy2 

O^C to +70°C 
-40‘'C to +85‘'C 

O^C to +70°C 
-40°C to +85»C 

MOLDED DIP (P16) 
HERMETIC DIP (j16) 
MOLDED DIP (P16) 
HERMETIC DIP (J16) 

±1 LSB 

±2y2 
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ML2230 


fiP Compatible 12-Bit Plus Sign A/D Converter 

with Sample and Hold 


GENERAL DESCRIPTION 

The ML2230 is a member of Micro Linear's 12-bit plus sign 
CMOS A/D converter family utilizing a self calibrating 
algorithmic technique. The sample-and-hold, incorpo¬ 
rated on the ML2230, has a differential input for noise 
immunity and power supply rejection. All errors of the 
sample-and-hold are accounted for in the analog-to-digital 
converter's accuracy specification. 

The ML2230B has a maximum non-linearity error over 
temperature of 0.018% of full-scale, and the ML2230C 
and ML2230D have a maximum non-linearity error over 
temperature of 0.024% of full scale. 

Designed to interface to an 8-bit microprocessor bus with¬ 
out additional components, the ML2230 outputs the 13-bit 
data result in two 8-bit bytes. Data format is 2's comple¬ 
ment. All digital signals are fully TTL and CMOS 
compatible. 

For interfacing to a 16-bit microprocessor bus the ML2233 
provides a 13-bit data result. 


FEATURES 

■ Resolution 12-bits + sign 

■ Conversion time 

(including S/H acquisition) 31 .Sfis max 

■ Sample and hold acquisition 2.3jLtsmax 

■ Non-linearity error +3ALSB and+1LSB max 

■ Low harmonic distortion 0.01% 

■ No missing codes 

■ Self calibrating—maintains accuracy over time and 
temperature 

■ Inputs withstand 1 7V| beyond supplies 

■ Data transfer options—interrupt, DMA, or polling 

■ Outputs data in two 8-bit bytes 

■ Standard 24-pin DIP 


BLOCK DIAGRAM PIN CONNECTIONS 


VreF 


DVcc DCND 



DO 

D1 

D2 

D3 

D4 

D5 

D6 

D7 


AO 

A1 

WR 

m 


CLK 

SYNC 


AVcC Vss AGND 


ML2230 
24-PIN DIP 


AGND [ 

1 

TIT- 

24 

] AVcc 

V|N+ [ 

2 


23 

] CLK 

ViN- [ 

3 


22 

] WR 

Vref [ 

4 


21 

] M 

Vss [ 

5 


20 

]« 

DW [ 

6 


19 

] AO 

SYNC [ 

7 


18 

]A1 

DO [ 

8 


17 

] 

D1[ 

9 


16 

] D6 

D2 [ 

10 


15 

] DGND 

D3 [ 

11 


14 

] D5 

DVcc [ 

12 


13 

] D4 


TOP VIEW 
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PIN DESCRIPTION 


DIP PCC NAME FUNCTION 


1 

1 

AGND 

Analog ground. 

2 

2 

V|N + 

Positive differential analog input; 

range = Vss < V||s| + <AVcc/ 

l(V|N + )-(V|N-)| ^VreF- 

3 

3 

V|N- 

Negative differential analog input; 
ranges Vss ^V|N- ^AVcc/ 
l(V|N + )-(V|N-)| ^Vref- 

4 

4 

Vref 

Voltage reference input; refer¬ 
enced to analog ground. 

5 

5 

Vss 

Negative power supply; decouple 
to AGND. 

6 

8 

DAV 

Data available; indicates a con¬ 
version has completed and data is 
available or calibration complet¬ 
ed. 

7 

9 

SYNC 

In the slave mode, SYNC is a posi¬ 
tive edge triggered input used to 
start a conversion. In master 
mode, SYNC is an output and 
indicates a conversion has oc¬ 
curred. 

8 

10 

DO 

Bidirectional data bit. 

9 

11 

D1 

Bidirectional data bit. 

10 

13 

D2 

Bidirectional data bit. 

11 

14 

D3 

Bidirectional data bit. 

12 

15 

DVcc 

Digital power supply. Tie to AVcc 
from same power supply. 


DIP 

PCC 

NAME 

FUNCTION 

13 

16 

D4 

Bidirectional data bit. 

14 

17 

D5 

Bidirectional data bit. 

15 

18, 19 

DGND 

Digital ground. 

16 

20 

D6 

Bidirectional data bit. 

17 

21 

D7 

Bidirectional data bit. 

18 

22 

A1 

Address for the microprocessor 
interface to access any one of the 
four registers. 

19 

23 

AO 

Address for the microprocessor 
i nterface to access anyone of the 
four registers. 

20 

24 


Chip select; enables writing to or 
reading from. 

21 

25 


Read; enables ML2230 to drive 
data bus. 

22 

26 

WR 

Write; allows writing into the reg¬ 
isters. 

23 

27 

CLK 

Clock input. Drive with an ex¬ 
ternal clock or crystal referenced 
to DGND. The crystal must be 
parallel resonant with minimum 
capacitive loading, (i.e., no 
bypass caps should be used and 
leads should be kept short.) 

24 

28 

AVcc 

Positive analog power supply. De¬ 
couple to AGND. Tie to DVcc 
from same power supply. 


ABSOLUTE MAXIMUM RATINGS 

(Notel) 


Supply Voltages (AVcc and DV^c).6.0V 

Negative Supply Voltage (Vss).- 6 . 0 V 

Voltage at Analog 

Inputs.Vss-7V to AVcc + 7V 

Voltage at Vref. ^55 - 7V to AVcc + 7V 

Input Current per Digital Pin.± 10mA 

Input Current at Analog Inputs.±20mA 

Storage Temperature Range. ;... - 65°C to +150°C 

Package Dissipation @ 25°C.875mW 

Lead Temperature soldering, 

Dual-ln-Line Package (Ceramic) . 300°C 


OPERATING CONDITIONS (Note 2) 


Temperature Range . 0°C to 70°C 

Supply Voltage (AVcc and DVcc) . 4.5 Vdc to O.OVqc 

Negative Supply Voltage (Vss) . -4.5 Vdc to -O.OVqq 

Reference Voltage (Vrer) .. • • • 2.60V 
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ELECTRICAL CHARACTERISTICS 

The following specifications apply for Vqq = +5V ± 5%, V^s = -5V ± 5%, Vref = +4.75^ Vjn- = AGND, 
V|N+ = -4.75V to +4.75V, Ta = Tmin to Tmax unless otherwise specified. 






TYP 



PARAMETER 

NOTES 

CONDITIONS 

MIN 

(Note 3) 

MAX 

UNITS 


Converter Characteristics 


Linearity Error 







ML2230BXX 

4 

fcCLK = 0.1 < 7MH2 

■ " 


±3/4 

LSB 

ML2230CXX 


fcCLK = 0.1 < 7MHz 



±1 

LSB 

ML223()DXX 


fccLK = 0.1 < SMHz 



±1 

LSB 

Unadjusted Zero Error 



, 




ML2230BXX 

4 




±3/4 

LSB 

ML2230CXX 





±2 

LSB 

ML2230DXX 





±2 

LSB 

Unadjusted Positive and Negative 

Full Scale Error 

5 




±4 , 

LSB 

Zero Error Temperature Coefficient 




0.5 


ppm/®C 

Gain Temperature Coefficient 




10 


ppm/°C 

Common-Mode Rejection 

5, 6 


80 

' 


dB 

Analog Input Source Resistance 

5 




2 

kO 

Analog Input Range 

4 

V||si+ Refer to Vi^- 

-Vref 


+Vref 

V 

Analog Input Leakage Current 

4 




100 

nA 

Voltage Reference Input 

Source Impedance 

5 




0.5 

kQ 

Reference Input Leakage Current 

4 




100 

nA 


Digital and DC Characteristics 


Power Supply Current 

Alco Analog Vcc 

' 4 . 



30 

50 

mA 

Dlcc^ Digital Vqq 




10 


M 

•sS/ Vss 




18 

■ .30 

mA 

Power Supply Rejection 

AVcc 

7 

DC 


80 


dB 



1 DC to 25kHz 


50 


dB 

Vss 


DC 


80 


dB 



DC to 25kHz 


50 


dB 

Vilclk/ Clock Input Low Voltage 

4 




0.8 

V 

Vihclk/ Clock Input High Voltage 

4 


3.5 


AVcc 

v/;,,' 

Ili, Input Leakage Current (CLK) 4 

VI 

Q 

z 

V,n<AVcc 


±200 



V|L, Input Low Voltage 

4 




0.8 

■ ' 1 

V 

V|H/ Input High Voltage 

4 


2.0 


DVcc 

V 

Vql/ Output Low Voltage 

4 

Iql = 2.0mA 



0.45 

V 

Vqh/ Output High Voltage 

4 

Iqh ~ -400/iA 

2.4 



V 

II, Input Leakage Current (except CLK) 

4 

AGND < V,N < AVcc 



±10 

jjA 

Ihi-Z/ Output Leakage Current (D0-D7) 

4 

= V,H 



±10 

M 

C|, Input Capacitance (all digital inputs) 




10 


pF 

Cq/ Output Capacitance 
(outputs DO to D7 and DAV) 




10 


PF 
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ELECTRICAL CHARACTERISTICS (Continued) 






TYP 



SYMBOL j 

PARAMETER 

CONDITIONS 

MIN 

(Note 3) 

MAX 

-1 

UNITS 


AC Electrical Characteristics (Note 8) 



Conversion Time 

4, 9 

CLK Mode = 0 

fcLK = 7.0MHz 

31.5 



fJS 





fcLK = 5.0MHz 

44.0 



fJS 


Sample and Hold Acquisition 

4, 9 

CLK Mode = 0 

fcLK = 70MHz 



2.3 

fJS 





fcLK = 5.0MHz 



3.2 

IJS 

^CLKO 

Clock Frequency 

5, 9 

Crystal (CLK Mode 

= 0) 

3 


7 

MHz 




1 Driven (CLK = Mode 0) 

1 


7 

MHz 

tCLKO 

Clock Width 

5, 9 

Driven 

High 

50 



ns 




(CLK Mode = 0) 

Low 

50 



ns 

fcLKI 

Clock Frequency 

5, 10 

Driven (CLK Mode 

= 1) 

0.5 


(Note 11) 

MHz 

tCLKI 

Clock Width 

5, 10 

Driven 

High 

125 



ns 




(CLK Mode = 1) 

Low 

125 



ns 

Ud 

Address Stable to Valid Data 

4 


150 



ns 

Ur 

Address Stable Before Read 

4 


0 



ns 

tRA 

Address Hold After Read 

4 


0 



ns 

tRR 

Read Pulse Width 

5 


150 



ns 

tRD 

Read Access 

4 




150 

ns 

tiZ/ Uz 

Data Read to Hi-Z 

4 


0 


50 

ns 

tRV 

Recovery Between Two Reads 
or Writes 

5 


250 



ns 

tRDCK 

Read to Clock Setup Time 

5, 12 


40 



ns 

Uw 

Address Stable Before Write 

4 j 


0 



ns 

tWA 

Address Hold After Write 

4 


0 



ns 

tww 

Write Pulse Width 

4 


150 



ns 

tow 

Data Setup Before Write Trailing Edge 

4 


100 



ns 

%D 

Data Hold After Write Trailing Edge 

4 


0 



ns 

twRCK 

Write to Clock Setup Time 

5, 12 


40 



ns 

Ukdav 

Clock to DAV Assert 

4, 13 

Cl = 50pF 


120 

220 

ns 

Uyncck 

SYNC Input to Clock Setup 

5, 12 


40 



ns 

Uyncn 

SYNC Input Width 

5 

(CLK Mode = 0) 


6 



UfcLKO 




(CLK Mode = 1) 


3 



1 /fcLK1 

tCKSYNC 

External Clock to SYNC Output Delay 

5, 13 

Cl = 50pF 


150 

200 

ns 

tSYNCO 

SYNC Output Pulse Width 

5, 13 

(CLK Mode = 0) 




8 

'l/^CLKO 




(CLK Mode = 1) 




4 

1 /fcLK1 

tWRDAV 

Write Reg2 to DAV Rising Edge 

4, 14 

Cl = 50pF 



170 

ns 

Uddav 

Read RegO to DAV Rising Edge 

4, 15 

Cl = 50pF 



170 

ns 

Utf 

Rise and Fall 


All Inputs 



25 

ns 


Note 1: Absolute maximum ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless otherwise 
specified are measured with respect to ground. 

Note 2: Devices are 100% tested with temperature limits guaranteed by 100% testing, sampling or by correlation with worst-case test conditions. 
Note 3: Typicals are parametric norm at 25°C. 

Note 4: Parameter guaranteed and 100% production tested. 

Note 5: Parameter guaranteed. Parameters not 100% tested are not in outgoing quality level calculation. 

Note 6: Common mode rejection is the ratio of the change in zero error to the change in common mode input range. 

Note 7: Power supply rejection is the ratio of the change in zero error to the change in power supply voltage. 

Note 8: All parameters measured from 0.8V to 2.0V, = lOOpF. 

Note 9: CK1X bit in control register = 0. 

Note 10: CK1X bit in control register = 1. 

Note IT. Maximum frequency is 1/tcLKi (high) + t^LKi (low) + rise + fall times and < 3.5MHz. 

Note 12: Setup time required for synchronous start of conversion. 

Note 13: In CLK mode = 0 (CKIX bit in control register = 0) start of conversion will occur at specified time; or time plus one f^LKO period (see 

Figure 5). __ 

Note 14: Writing a control register bit 0 with a one will acknowledge the DAV condition and de-assert DAV output. 

Note 15: In start mode = 1, a read from location " 0 " will start the next conversion and de-assert the DAV output. 
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TIMING DIAGRAMS 



Figure 1. Read Cycle 



Figure 2. Write Cycle 


CLK, MODE = 1 


CLK, MODE = 0 



CLK, MODE = 1 


CLK, MODE = 0 



DAV IS SET AND CLEARED BY INTERNAL CIRCUITRY. 

NOTE; DMA BIT IN THE CONTROL REGISTER MUST BE SET FOR THIS OPERATION. 


Figures. Data Available 



Figure 4. SYNC Output 
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TIMING DIAGRAMS (Continued) 


(START MODE 0) 


RD 

(START MODE 1) 


START OF CONVERSION 
(NOTE 2) 


CLK 
(NOTE 1) 


SYNC IN 
(START MODE 3) 
(M/S = 0) . 


J 


■\_f 


-tVVRCK- 


-tRDCK- 


^_A 


\ 


- tSYNCCK 


START OF CONVERSION 
(NOTE 3) 


tSYNCN 



T1 


NOTES: 

1. CLK IS THE CLOCK DRIVEN AT THE CLOCK PIN. 

2. IN CLK MODE 1, WILL ALWAYS OCCUR AT TO IF SETUP TIMES ARE MET. 

3. IN CLOCK MODE 0, WILL OCCUR EITHER AT TO OR T1 IF SETUP TIMES ARE MET. 



Figure 5. Start of Conversion (Start Mode 0,1,3) 


BLOCK DIAGRAM 


CLK 


V|N + 
ViN- 
Vref 


AGND 

Vss 

AVcc 



Figure 6. Block Schematic Diagram 
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FUNCTIONAL DESCRIPTION 


ALGORITHMIC A/D CONVERTER 

Micro Linear's algorithmic converter uses a successive 
approximation technique. Most of today's successive 
approximation converters use a DAC to feed back the ap¬ 
proximated signal, however this technique requires more 
circuitry than algorithmic converters. In addition the val¬ 
ues of all of the resistors or capacitors in the DAC must be 
matched to within the accuracy of the converter. This is 
difficult to do in silicon beyond 10 bits unless trimming is 
used. An algorithmic converter uses less circuitry and is 
more easily trimmed. Micro Linear's algorithmic converter 
is implemented using a 2x amplifier, a sample/hold amp, 
and a comparator as shown in Figure 7. 

The input sample is first multiplied by two then compared 
to the reference voltage. If the 2x input voltage is greater 
than the reference, the MSB is a 1 and the reference volt¬ 
age is subtracted from the 2x input voltage. The remainder 
is stored in the sample and hold. If the 2x input voltage is 
less than the reference, the MSB is a 0 and the 2x input 
voltage is stored in the sample and hold. This process re¬ 
peats again, however now the sample and hold voltage is 
multiplied by 2. 

The algorithm involves multiplication by 2, comparison, 
and possibly subtraction. Referring to Figure 6, the 
algorithm for the circuit can be described as follows: 

Stepi If (2 X v,n) - Vref > 0 
then MSB = 1 

(2 X V|n) - Vref-S/H 
else MSB = 0 

(2 X V|n)-S/H 

Step 2 If (2 X s/H) - Vref > 0 
then next bit = 1 

(2 X S/H) - Vref-^S/H 
else next bit = 0 

(2 X S/H)-S/H 

Step 3 Repeat Step 2 until conversion complete. 

Since the A/D converter handles bipolar inputs, 
negative inputs are handled slightly differently using the 
same principle. 



Figure 7. Self Calibrating A/D Converter 


SELF CALIBRATION 

In order to maintain integral and differential linearity to 
the 1/2 LSB level in an algorithmic convertef, two critical 
parameters need to be controlled, loop offsets and the 
gain of the loop. Loop offsets are automatically nulled be¬ 
fore each conversion using auto-zeroing circuitry on both 
the sarnpling amp and the 2x amp. The gain of the loop is 
adjusted using self calibration. 

Self calibrating the algorithmic converter, once the offsets 
have been nulled, is performed by measuring the 2x gain 
of the loop and adjusting it. The gain can be measured by 
converting the reference voltage as the input as well as the 
reference (Vref/Vref)/ and examining the output code. 
Converting Vref should yield plus full scale, since Vref/ 
Vref should equal 1. If the gain of the loop is slightly less 
than 2, the resulting LSB of the conversion will be "0". If 
the magnitude bits of the resulting conversion are all "Is", 
the gain may be too great, therefore the gain is reduced to 
the point where the threshold of the LSB is reached. 

Adjustment of the 2x gain is done with the binary 
weighted trim capacitor arrays connected to each of the 
2C input capacitors. A small value of capacitance is either 
added to or subtracted from the 2C input caps until the 
gain of the loop is within 13 bit accuracy of 2. 
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FUNCTIONAL DESCRIPTION (Continued) 


CONVERSION TIMES 

The following table lists the conversion times which in¬ 
clude the sample and hold acquisition time. For a CALRD 
and CALWR no A/D conversion actually takes place. 

OPERATION # OF INTERNAL CLOCKS* 

8 bit A/D 80 

13 bit A/D 110 

CALWR 52 

CALRD 80 

SAMPLE AND HOLD TIMING 

Figure 8 shows the internal timing for the sample and hold 
circuitry. The relationship between the "Start of Conver¬ 
sion" and the input channel going into sample mode is 
fixed at 6 internal clocks*, regardless of the Start Mode. Six 
internal clocks after the Start of Conversion the Sample 
and Fiold is switched into the sample mode, placing two 
9pF capacitors in parallel with the inputs pins; one on 
V|fvj + and one on V||sj -. The sample switch is kept in the 
sample mode for 8 internal clocks {23ijls at a 7MF1z ex¬ 
ternal clock), then placed in the hold mode. During the 
next 2 internal clocks the charge on the sample and hold is 
transferred into the A/D, after which the Vref 's sam¬ 
pled for 8 internal clocks. 

Figure 8 also illustrates the timing of the SYNC pin in Mas¬ 
ter Mode during a conversion (M/S = 1 Control Fligh Byte 
register) and Start Mode 0, 1, or 2. SYNC is activated one 
internal clock cycle after the Start of Conversion and lasts 
for four internal clocks. 

*For a description of internal clocks see Clock section. 


ANALOG INPUTS 

DIFFERENTIAL INPUTS AND COMMON MODE 
REJECTION 

The differential inputs of the ML2230 eliminate the effects 
of common mode input noise (60F1z for example), as 
ViN -F and ViN - are sampled at the same time. 

NOISE 

The leads to the analog inputs should be kept as short as 
possible to minimize output noise. Noise as well as digital 
clocks can couple into the inputs and cause errors. Input 
filters can be used to reduce the effects of these sources. 

POWER SUPPLY DECOUPLING 

Low inductance tantalum capacitors of VF or greater 
and 0.0 VF disc ceramic capacitors are recommended for 
bypassing AVcc as well as Vss to AGND. These capacitors 
should be placed close to the AVcc and Vss pins. 

MICROPROCESSOR INTERFACE 

There are four 8 bit directly addressable registers; two 
Data Buffer registers, and two Control registers. The data 
buffer registers provide the conversion results. The data 
registers are double buffered, allowing one result to be 
read while the next sample is being converted. The data 
registers also allow access to the algorithmic converter's 
calibration code. Normally the ML2230 is operated with¬ 
out ever accessing these registers. (Refer to Diagnositcs for 
more information). The two Control registers provide com¬ 
plete control and status information. The four registers are 
addressed by pins AO and A1. 


EXTERNAL 
CLOCK 
(CLK MODE 0) 


INTERNAL 
CLOCK 
OR (CLK MODE 1) 


SYNC PIN 
(MASTER MODE) 


niuuifuuumjinjinnjuilinnjuuiMJUiJimmiuiliJin^ 

I I III 

I 1 2 3 4 5 6 I 7 8 9 10 11 12 13 14 ^ 15 16 I 17 18 19 20 21 22 23 24 [ 25 26 


I -SAMPLING INPUT- -*\ -SAMPLING REFERENCE 

START OF CONVE RSION 


Figure 8. Sample and Hold Timing 
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FUNCTIONAL DESCRIPTION (Continued) 


All data is returned from the converter in sixteen bit two's 
complement format, right hand justified, with the sign bit 
extended across the most significant bits. 

Cycle +Max -Min Zero ’ 

13 OFFF FOOO 0000 

8 007F FF80 0000 

REGISTER DESCRIPTION 

Register 0—Data Buffer Low Byte: 

Register 0 contains the low byte result of the latest conver¬ 
sion when read. Depending on the Start Mode selected, 
reading or writing to this register may start the next 
conversion. 

Register 1—Data Buffer High Byte: 

Register 1 contains the high byte result of the latest conver¬ 
sion when read. 

Register 2—CONTROL Register Low Byte: 

Bit 0 (DAV status when READ/DAVACK acknowledge 
when a ONtis written): 

Reading DAV = 1 indicates that new data is available or a 
calibration is complete. If hoth data bytes have been read, 
DAV will be cleared automatically. This bit can be explic¬ 
itly acknowledged by w riting a ONE to it; writing a zero 
has no effect. The DAV output pin always reflects the 
DAV status bit. 


READ 



7 ■ 

6 

5 

4 

3 

2 

1 

0 

DATA BUFFER LOWBYTE | 


D6 

D5 

D4 

03 

D2 

D1 

DO 1 


7 

6 

5 

4 

3 

2 

1 

0 

DATA BUFFER HIGHBYTE | 

1 D15 

D14 

D13 

D12 

Dll 

DIO 

D9 

D8 1 


7 

6 

5 

4 

3 

2 

1 

0 

CONTROL LOWBYTE | 

CE 

0 

1 SMDE 1 

[E 

|adrdy|busy| 

DAV 1 


00: START IF REGO IS WRITTEN- 

01: START IF REGO/1 IS READ- 

10: CONTINUOUS CONVERSIONS 

AFTER REG 0 IS WRITTEN-- 

11: START IF SYNC GOES HIGH- 

SHORTCYCLE 0 = 13-BIT, 1 = 8-BIT- 

CHIP CALIBRATED STATUS- 

CONV BUSY STATUS- 

, DAV STATUS- 


Bit 1 (BUSY status when READ/RESET when a ONE is. 
written): 

Reading BUSY = 1 indicates that a conversion or calibra¬ 
tion is in progress. Writing a ONE will force a chip reset. 
Writing a zero has no effect. 

RESET Default Conditions: 

Both Control registers will automatically be cleared. Both 
Data Buffer registers will be unchanged. The Calibration 
register is not cleared after a reset, however the ADRDY 
bit is cleared. Since the DAV status bit is cleared, the DAVB 
output is inactivated (high). The SYNC pin is forced to be 
an input as a result of clearing the M/S bit in the Control 
High Byte register. 

Bit 2 (ADRDY status when READ/DOCAL request when a 
ONE is written): 

Reading ADRDY = 0 indicates that the converter has not 
been calibrated since the last reset, and ADRDY = 1 in¬ 
dicates that it has been calibrated since the last reset. Writ¬ 
ing a ONE will force the converter to do a calibration; writ¬ 
ing a zero has no effect. 

Bit 3 (SC: Short cycle select): 

Selects 8 or 13 bit conversions. 

SC = 0:13-bit conversion (default) 

SC = 1: 8-bit conversion (short cycle) 


ADDRESS WRITE 

A1 AO 

7 6 5 4 3 2 1 0 

00 I CALCODE HOLDING LOWBYTE REGISTER | o'oR 2 '^^ 

7 6 5 4 3 2 1 0 

01 I CALCODE HOLDING HIGHBYTE REGISTER [ 


7 6 5 4 3 2 1 0 



7 6 5 

CONTROL HIGHBYTE | X | DMA [ L/H 

UNUSED 

BIT 


43 210 76543 

CK1X[ M/S I TMDE | 11 | 0 | DMA | L/H | cK1x[ M/S [ 

•—test MODE 

— 0: SLAVE MODE, SYNC IS AN INPUT (DEFAULT) 

I—1 : MASTER MODE, SYNC IS AN OUTPUT 


2 

0 


1 0 
0 0 I 

•—NORMAL A/D CONVERSION 


t O: fcLK = 0 DIVIDED BY 2 INTERNALLY (DEFAULT) MAXIMUM INPUT CLOCK FREQUENCY IS 8MHz 
1: fcLK = 1 MAXIMUM INPUT CLOCK FREQUENCY IS 4 MHz 


t O: HIGH BYTE IS READ FIRST THEN LOW BYTE 
1: LOW BYTE IS READ FIRST THEN HIGH BYTE 


t O: Non DMA MODE. REGOO HAS LOW BYTE, REG01 HAS HIGH BYTE (DEFAULT) 
1: DMA MODE. READ REGOO TWICE TO GET BOTH BYTES 


Figure 9. Register Description 
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FUNCTIONAL DESCRIPTION (Continued) 


Note: For 8-bit conversions in non-DMA mode, only one 
byte needs to be read. This can be accomplished by set¬ 
ting L/H = 0, DMA = 0 and reading the Data Low Byte 
register. In DMA mode both bytes need to be read. 


CK1X=1: the external clock input is used 

directly as the internal clock. 
This is referred to as CLK 
Mode= 1. 


Bits 4,5 (SMDE: Start Mode): 

Defines Start Conversion mode. 

Bits 5,4 

00 Start Conversion upon writing to register 0 
(default) 

01 Start Conversion upon reading register 0 if 

L/H =0, or Start Conversion upon reading reg¬ 
ister 1 if L/H = 1. In DMA mode both bytes 
need to be read. The second byte read will 
Start Conversion. 

10 Start Continuous Conversions upon writing to 
register 0. 

11 Start on external SYNC input going high (Re¬ 
quires Slave mode: M/S = 0) 

Bits 7,6 (reserved): 

These bits are reserved by Micro Linear and must be writ¬ 
ten as zero. 

Register 3 (Control Register High Byte): 

Bits 2,1,0 (TMDE: test mode select bits) 


These bits are used for diagnostic purposes only and nor¬ 
mally not accessed during operation. The default value of 
TMDE is 000 which selects a normal A/D conversion. See 
Diagnostics for more information. 


TMDE 

Description 

000 

Normal A/D Conversion 

001 

Reserved by Micro Linear 

010 

CALWR Operation 

oil 

CALRD Operation 

100 

System Offset 

101 

Common-mode 

110 

Plus Full Scale 

111 

Minus Full Scale 

Bit 3 (M/S: 

Master/Slave bit): 


Bit 5 (L/H: Low Byte/High Byte): 

In non-DMA mode the L/H bit defines whether DAVB is 
deactivated by reading the Data Low Byte or Data High 
Byte. In DMA mode, the L/H bit defines the order in which 
the Low/High Data Bytes are presented to the data bus. 
DMA mode automatically deactivates DAVB after both 
bytes are read. 

0 

reading register 0 (Low Byte) 
will de-assert DAVB 
reading register 1 (High Byte) 
will de-assert DAVB 


the first read is the Data High 
Byte, and the second read is the 
Data Low Byte, then DAVB out¬ 
put is de-asserted 

the first read is the Data Low 
Byte, and the second read is the 
Data High Byte, then DAVB out¬ 
put is de-asserted 

Bit 6 (DMA: DMA mode bit): 

This bit allows both high and low bytes from the 13 bit 
conversion to be read from one address; either Data Buffer 
Low Byte or Data Buffer High Byte registers. 

DMA = 0: The high byte of the conversion 

will always be read from the 
Data Buffer High Byte register 
and the low byte of the conver¬ 
sion will always be read from 
the Data Buffer Low Byte 
Register. 


non 
L/H = 0: 

L/H = 1: 


L>>mA moae: uiv\/\ = 


*DMA mode: DMA= 1 
L/H = 0: 


L/H = 1: 


Dictates whether the SYNC pin is an input or an output. 

Upon RESET, this bit is cleared. 

M/S = 0: Slave Mode SYNC is an input which is used 
to trigger a conversion if 
SMDE=11. 

M/S= 1: Master Mode SYNC is an output. At the begin¬ 
ning of every conversion, SYNC 
is high for 4 internal clocks. 

Bit 4 (CK1X: clock select bit): 

Selects whether the external clock will be divided by two 

or used directly as the internal clock. See Clock section for 

a detailed explanation. 

CK1X = 0: the external clock is divided by 

two and used as the internal 
clock. This is referred to as CLK 
Mode = 0. 


DMA=1: Both high and low bytes of the 

conversion can be read from ei¬ 
ther the Data Buffer High or 
Low Byte Registers. A DMA 
controller, microprocessor, or 
other I/O device can use a sin¬ 
gle I/O address to read both the 
low and high bytes of the con¬ 
version. The order in which the 
high and low data bytes are pre¬ 
sented is defined by the L/H 
control bit. 

Note: This feature is not restricted to DMA controllers. It is 
an I/O option which may be used by a DMA controller, 
microprocessor, or any other type of I/O device. 

Bit 7 (Reserved by Micro Linear) 

This bit is not used. When written use zero. 
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FUNCTIONAL DESCRIPTION (Continued) 


GENERAL OPERATING INFORMATION 

CONVERSION-START PROTOCOL 

There are four different ways to start a conversion. They 
are defined by SMDE bits 4 and 5 in the Control Low Byte 
Register. 

SMDE 
Bits 5,4 

00: A write to register 0 will start a conversion. During 
a conversion, if another write is issued to register 
0, the "Start Conversion" command will be 
latched and another conversion will immediately 
follow the current one. To insure that the second 
write will be latched, it must occur at least 3 in¬ 
ternal clocks after the first write. Only one addi¬ 
tional write will be latched; multiple writes within 
a conversion will only yield one more conversion. 

01: Reading the data from the previous conversion 
starts the next conversion. Start Conversion upon 
reading register 0 if L/H = 0, or Start Conversion 
upon reading register 1 if L/H = 1. In DMA mode 
both bytes need to be read. The second byte read 
will Start the Conversion. 

10: This mode causes continuous conversions; the 
next conversion begins immediately after the 
previous conversion ends. Writing to register 0 
will start the first conversion; thereafter the con¬ 
verter runs continuously. This mode yields the 
maximum conversion rate. 

1 T: The Sync input triggers the start of a conversion. 
The M/S bit in the Control High Byte Register must 
be cleared, placing the chip in the slave mode. 


Note: The external activation signals for Start Modes 0, 1, 
and 3 are synchronized internally to the system clock. If 
periodic sam pling is required using these Start Modes, the 
SYNC, RD, or WR pulses must be synchronized to the sys¬ 
tem clock. Start Mode 2 guarantees periodic sampling. 

DOUBLE-BUFFERED DATA REGISTER 

The A/D conversion result is double-buffered using the 
Data Buffer registers and the A/D Data register. The actual 
End-Of-Conversion (EOC) does not correspond with the 
DAVB output going low. The DAVB output goes low 16 in¬ 
ternal clocks after the EOC. From the time DAVB output 
goes LOW, the user has one full conversion time (80 or 
110 internal clocks) minus 16 internal clocks to read two 
data bytes as shown in Figure 10. 

SELF CALIBRATION 

Setting the DOCAL bit issues a calibration request to the 
chip. When calibration is done, the DAV status bit is set 
and the DAVB output goes low. 

A calibration requires 8,260 internal clocks. Using a 7MHz 
clock (CLK Mode==0), this is approximately 2 ms. Power 
supplies and external voltage reference must be 
stable before issuing a request for calibration. 

The ML2230 should be calibrated before any conversions 
are attempted. Calibrations must not be performed si¬ 
multaneously with conversions. Before requesting a cali¬ 
bration, the user may want to read the Busy status bit to 
make sure that the converter is idle. Polling the chip while 
the calibration is in progress is not recommended. 


START OF CONVERSION 2 START OF CONVERSION 3 
START OF CONVERSION 1 END OF CONVERSION 1 END OF CONVERSION 2 


-CONVERSION 1- 


-CONVERSION2- 


DATA 1 AVAILABLE 


-CONVERSIONS-i 

DATA 2 AVAILABLE 



Figure 10 


2-66 




icro Linear 





ML2230 


FUNCTIONAL DESCRIPTION (Continued) 


CLOCK 

The ML2230 has the option of dividing the clock at the 
CLK pin by 1, or using it directly to drive the internal logic. 
This option is selected through the CK1X bit In the Control 
register. When CK1X = 0 the clock is divided by 2. This is 
referred to as CLK Mode = 0. The clock at the CLK pin is re¬ 
ferred to as the External clock, and the Internal Clock is 
the External clock divided by 2. When CKl X = 1, the clock 
at the CLK pin drives the internal logic directly, therefore 
this clock is referred to as the Internal clock. This is also 
known as CLK Mode = 1. All internally clocked logic is 
positive edge triggered. 

CLK Mode = 0: 

There are two advantages to CLK Mode 0. This is the only 
Mode that allows an external crystal to be used. CLK Mode 
1 cannot operate with an external crystal, the CLK pin 
must be driven. The second advantage of CLK Mode 0 is 
that the duty cycle for a driven clock is less stringent than 
in CLK Mode 1. (Refer to tciKO and tciKi in AC Electrical 
Characteristics for CLK Mode 0 and 1 timing requirements, 
respectively.) 

On power up the state of the divide by two flip-flop is in¬ 
determinate. Therefore the relationship between the In¬ 
ternal clock and the external clock at the CLK pin can have 
one of two possibilities as shown in Figure 11. As a result 
the following should be considered. 


twRCK/ tRDCK/ and tsYNCCK specs, (RD, WR, and SYNC set¬ 
up times to kart of Conversion), will be as shown in the 
data sheet, or the data sheet specs plus one external clock 
period. Since these specifications are with respect to the 
rising edge of the external clock, it is not known whether 
this rising edge corresponds to the rising edge or falling 
edge of the internal clock. Therefore there is an uncer¬ 
tainty of one external clock period. 

If periodic sampling is necessary and Start Mod e 0,1, or 3 
is used, the external start pulse (either RD, WR, or SYNC) 
must be synchronous to the external clock, meet the setup 
time, and be an even number of external clock periods. If 
the start pulse were an odd number of external clock peri¬ 
ods, half the pulses would correspond with the rising edge 
of the internal clock, and the other half would correspond 
with the falling edge of the internal clock. Therefore the 
sampling period would change by one external clock 
period every sample. Start Mode 2 guarantees periodic 
sampling regardless of the CLK mode. 

CLKMode:=1: 

This mode eliminates the requirement that external start 
pulses must be an even number of external clock periods. 
However periodic sampling still requires that the start 
pulse be synchronous to the external clock, and the setup 
time must be met. CLK Mode 1 also eliminates the un¬ 
certainty of the twRCK/ tRDCK/ and tsvNCCK requirements. 



^INTERNAL CLOCK MAY BE ONE OF THE TWO ABOVE IN CLK MODE = 0 


Figure 11 
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FUNCTIONAL DESCRIPTION (Continued) 


DIAGNOSTICS 

Diagnostic routines may be run after power up or any 
other time to ensure proper operation. The diagnostic fea¬ 
tures, which are software selectable, don't require ex¬ 
ternal hardware. Both the analog and digital sections can 
be tested. 

The ML2230 is placed in the diagnostic mode via the 
TMDE field in the Control High Byte Register. Once the 
ML2230 is placed in one of the diagnostic modes, a con¬ 
version must be executed before the results can be read. 
As with all conversions, DAVB will be activated upon 
completion. 

ANALOG CONVERSION DIAGNOSTICS 

TMDE = 000: Normal Operation 

Selects normal A/D conversion. Default condition after a 
software reset. 

TMDE = 001: Reserved by Micro Linear. 

TMDE = 010: CALWR operation 
The data in Write register 0 and 1 (CALCODE Holding 
Register), are transferred into the converter's Calibration 
register when a "Start Conversion" is issued. A dummy 
conversion occurs and the DAVB output goes LOW to in- 
dicate that the operation is complete. 

TMDE = 011: CALRD operation 
The contents of the Calibration register are transferred 
through the A/D Data register and loaded into the Data 
Buffer registers. A dummy 8-bit conversion occurs and 
DAVB output goes LOW to indicate that the CALRD 
operation is complete. 


TMDE = 100: System Offset 

The positive and negative inputs to the Sample and Hold 
are tied to analog ground. With this setting, converted 
data will give the offset of the A/D converter and Sample/ 
Hold combination. The V|is|+ and V|n^ pins will remain 
in a high impedance state while in this mode. 

TMDE = 101: Common-mode 

Both the positive and negative inputs of the Sample and 
Hold are tied to Vref- The results of a conversion in this 
test mode indicates how well the converter is rejecting a 
common mode signal. 

TMDE = 110: Positive Full Scale 

This test mode connects the positive input of the Sample 
and Hold to Vref and the negative,input of the Sample and 
Hold to analog ground. The result of converting in this test 
mode is a value near positive full scale. 

TMDE= 111; Negative Full Scale 
This test mode connects the positive input of the Sample 
and Hold to analog ground and the negative input to Vref- 
The result of converting in this test mode is a value near 
negative full scale. 

DIGITAL LOOPBACK 

The ML2230's architecture provides a way for the micro¬ 
processor to indirectly read and write to the A/D 
converter's calibration register and data register via.a 
CALRD and CALWR. Figure 12 illustrates this architecture. 
This in effect allows a digital loopback. 



Figure 12. Digital Loopback 
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FUNCTIONAL DESCRIPTION (Continued) 


When the TMDE bits are set to 010 CAL WRITE (CALWR), 
and a Start Conversion is issued in any one of the four 
modes, the contents of the CALCODE Holding Low Byte 
and High Byte registers are transferred into the A/D con¬ 
verter's Calibration register. When the TMDE bits are set to 
011 CAL READ (CALRD), and a Start Conversion is issued, 
the contents of the Calibration register are transferred 
through the A/D's Data register into the Data Buffer Low 
Byte and Data Buffer High Byte registers. The result of 
these two operations is a complete loopback from the 
CALCODE Holding registers through the A/D converter 
and back into the Data buffer registers. This loopback pro¬ 
vides user assurance that all the paths are clear and there 
are no stuck bits. 

Note: When a CALWR is done, the previous calibration 
value is lost. The correct calibration value must be re¬ 
stored before the converter is used to convert data. 

CALIBRATION PASS/FAIL TEST 

The CALRD can be used as a way to verify a successful 
calibration. After a calibration is completed, the CALRD 
may be issued in order to read the contents of the Calibra¬ 
tion register. If the Low Byte of the data buffer register is all 
ones after executing a CALRD, the calibration failed; 
otherwise the calibration is successful. 
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FUNCTIONAL DESCRIPTION (Continued) 



Figure 1 3. interfacing to 8048 Microcontroller 



Figure 14, Interfacing to 6800 Microprocessor 
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ORDERING INFORMATION 


R4RT NUMBER 

LINEARITY 

ERROR 

MINIMUM 

CONVERSION 

TEMPERATURE 

RANGE 

PACKAGE 

ML2230BCJ 

±3/4 LSB 

31.5/2S 

0°C to +70°C 

Hermetic DIP (J24) 

ML2230CCJ 

±1 LSB 

31.5/ys 

0°C to +70°C 

Hermetic DIP (J24) 

ML2230DCJ 

±1 LSB 

44.0/JS 

0°C to +70°C 

_1 

Hermetic DIP (J24) 


Micro Linear 
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ML2233 


/iP Compatible 12-Bit Plus Sign A/D Converter 

with Sample and Hold 


GENERAL DESCRIPTION 

The ML2233 is a member of Micro Linear's 12-bit plus sign 
CMOS A/D converter family utilizing a self calibrating 
algorithmic technique. The sample-and-hold, incorpo¬ 
rated on the ML2233, has a differential input for noise 
immunity and power supply rejection. All errors of the 
sample-and-hold are accounted for in the analog-to-digital 
converter's accuracy specification. 

The ML2233B has a maximum non-linearity error over 
temperature of 0.018% of full-scale, and the ML2233C 
and ML2233D have a maximum non-linearity error over 
temperature of 0.024% of full scale. 

Designed to interface to a 16-bit microprocessor bus with¬ 
out additional components, the ML2233 outputs the 13-bit 
data result in one word. Data format is 2's complement. 

All digital signals are fully TTL and CMOS compatible. 

For interfacing to an 8-bit microprocessor bus the ML2230 
provides a 13-bit data result in two 8-bit bytes. 


FEATURES 

■ Resolution 12-bits + sign 

■ Conversion time 

(including S/H acquisition) 31.5/4smax 

■ Sample and hold acquisition 2.3jLts max 

■ Non-linearity error ±y4LSB and ±1LSB max 

■ Low harmonic distortion 0.01 % 

■ No missing codes 

■ Self calibrating—maintains accuracy overtime and 
temperature 

■ Inputs withstand 17V| beyond supplies 

■ Data transfer options—interrupt, DMA, or polling 

■ 13-bit result for 16-bit bus interface 

■ Standard 28-pin DIP 


BLOCK DIAGRAM PIN CONNECTIONS 


Vref DVcc DGND 



AVcc Vss AGND 


ML2233 
28-PIN DIP 



TOP VIEW 
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PIN DESCRIPTION 


PIN NO. 

NAME 

FUNCTION 

1 

AGND 

Analog ground. 

2 

ViN + 

Positive differential analog input; 
range = Vss ^V|N+ <AVcc. 
l(V|N + )-(V|N-)| ^Vref- 

3 

V|N- 

Negative differential analog input; 

range = Vss < V|N-< AVcc, 

|(V|N + )-(V|N-)| ^Vref. 

4 

Vref 

Voltage reference input; referenced 
to analog ground. 

5 

Vss 

Negative power supply; decouple to 
AGND. 

6 

DAV 

Data available; indicates a conver¬ 
sion has completed and data is avail¬ 
able or calibration completed. 

7 . . 

SYNC 

In the slave mode, SYNC is a positive 
edge triggered input used to start 
aconversion. In master mode, SYNC 
is an output and indicates conversion 
start. 

8 

DO 

Bidirectional data bit. 

9 

D1 

Bidirectional data bit. 

10 

D2 

Bidirectional data bit. 

11 

D3 

Bidirectional data bit. 

12 

D4 

Bidirectional data bit. 

13 

D5 

Bidirectional data bit. 

14 

D6 

Bidirectional data bit. 

15 

DVcc 

Digital power supply. 


PIN NO. 

NAME 

FUNCTION 

16 

D7 

Bidirectional data bit. 

17 

D8 

Bidirectional data bit. 

18 

D9 

Bidirectional data bit. 

19 

DIO 

Bidirectional data bit. 

20 

DGND 

Digital ground. 

21 

Dll 

Bidirectional data bit. 

22 

D12 

Bidirectional data bit. 

23 

AO 

Address for the microprocessor inter¬ 
face to access registers. 

24 


Chip select; enables writing to or . 
reading from. 

25 


Read; enables ML2233 to drive data 
bus. 

26 

WR 

Write; allows writing into the 
registers. 

27 

CLK 

Clock input. Driven with an exter¬ 
nal clock or crystal referenced to 
DGND. The crystal must be parallel , 
resonant with minimum capacitive 
loading, (i.e., no bypass caps should 
be used and leads should be kept 
short.) 

28 

AVcc 

Positive analog power supply. 
Decouple to AGND. Tie to 

DVcc same 

power supply. 


ABSOLUTE MAXIMUM RATINGS 

(Notel) 


Supply Voltages (AVcc and DVcc).6.0V 

Negative Supply Voltage (Vss). -6.0V 

Voltage at Analog 

Inputs.Vss~ 7V to AV qq + 7V 

Voltage at Vref • • • ■ .Vss - 7V to AVcc + 7V 

Input Current per Digital Pin.±10mA 

Input Current at Analog Inputs...±20mA 

Storage Temperature Range.-65°Cto +150°C 

Package Dissipation @ 25°C.875mW 

Lead Temperature (soldering, 10 seconds) 

Dual-ln-Line Package (Ceramic) . 300®C 


OPERATING CONDITIONS (Note 2) 


Temperature Range .._. 0®C to 70®C 

Supply Voltage (AVcc and DVcc) . 4.5 Vdc to 6.0 Vdc 

Negative Supply Voltage (Vss) .. . -4.5 Ve)c to -6.0 Vdc 

Reference Voltage (Vrep) ... 2.60V 
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ELECTRICAL CHARACTERISTICS 

The following specifications apply for /^cc = DVcc = 5V =h 5%, Vss = -5V i: 5%, Vref = 2.500V, V|n- - AGND, 
Viisj+=-2.5V to+2.5V> Ta = Tmin to Tmax unless otherwise specified. * 






TYP 



RARAI^ETER 

NOTES 

CONDITIONS 

MIN . 

(Note 3) 

MAX 

UNITS 


Converter Characteristics 


Linearity Error 







ML2233BCJ 

4 

fcCLK = 0.1 < 7MHz 



±3/4 

LSB 

ML2233CCJ 


fcCLK = 0.1 < 7MHz 



. ±1 

LSB 

ML2233DQ 


fccLK = 0.1 < 5MHz 



±1, 

LSB 

Unadjusted Zero Error 







ML2233BCJ 

4 




±V4 

LSB 

ML2233GGj 





±2 

LSB 

ML2233DQ 





±2 . 

LSB 

Unadjusted Positive and Negative 

Full Scale Error 

5 




±4 

LSB 

Zero Error Temperature Goefficient 




0.5 


ppm/°G 

Gain Temperature Goefficient 




10 


ppm/°G 

Gommon-Mode Rejection 

' " 5, 6 . 1 


80 



dB 

Analog Input Source Resistance 

5 ■ 




2 

kQ 

Analog Input Range 


V|N+ Referred to Vj^- 

“Vref 



V 

Analog Input Leakage Gurrent 





100 

nA 

Voltage Reference Input 

Source Impedance ' 

5 , , 




0;5 

kD 

Reference Input Leakage Gurrerit 

4 




100 

nA 


Digital and DC Characteristics 


Power Supply Gurrent 

Alco Analog Vcc 

4 



30 

5'0" 

mA 

DIcc/ Digital Vcc 




10 


fjA 

IsS/'Vss ' 




- 18 

•>—30 

' mA'-«. 

Power Supply Rejection 

AVcc . .. 

7 

DG ; 


80 ; 


dB 



DCtoiSkHz 


50 


.dB-^,■‘' 

Vss 


DG 


80 


dB 



DG to 25kHz 


50 


dB 

V|lclK/ Glock Input Low Voltage 





0.8 

V 

V|hclk/C lock Input High Voltage 

4 


3.5 


AVcc 

V 

Ili, Input Leakage Gurrent (GLK) 

4 

AGND < V,N < AVcc 



±200 

M 

V|L, Input Low Voltage 

4 




0.8 

' V 

V|H, Input High Voltage 

4 


2.0 


DVcc 


Vql/ Output Low Voltage 

4.. 

Iql “ 2.0mA 



0.45 

V. 

Vqh/O utput High Voltage 

4 

loH = -40qiuA 

2.4 


■■ ■' 

V 

II, Input Leakage Gurrent (except GLK) 

4 

AGND < V,N < AVcc 



±10 

M 

Iri-Z/ Output Leakage Gurrent (D0-D12) 

4 

^ = V,H 



±10 

/iA 

G|, Input Gapacitance (all digital inputs) 




10 


PF 

Gq/ Output Gapacitance _ 

(outputs DO to D12, SYNG and DAV) 




10 


PF 
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ELECTRICAL CHARACTERISTICS (Continued) 






TYP 



SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

(Note 3) 

MAX 

UNITS 


AC Electrical Characteristics (Note 8) 


tc 

Conversion Time 

4, 9 

CLK Mode = 0 

fcLK = 7.0MHz 

31.5 



fJS 





fcLK = 5.0MHz 

44.0 



JJS 


Sample and Hold Acquisition 

4. 9 

CLK Mode = 0 

fcLK = 70MHz 



2.3 

fJS 





fcLK = 5.0MHz 



3.2 

fJS 

^CLKO 

Clock Frequency 

5, 9 

CLk Mode = 0 

Crystal 

3 


7 

MHz 





Driven 

1 


7 

MHz 

tCLKO 

Clock Width 

5, 9 

Driven 

High 

50 



ns 




(CLK Mode = 0) 

Low 

50 



ns 

<^CLK1 

Clock Frequency 

5, 10 

Driven (CLK Mode 

= 1) 

0.5 


(Note 11) 

MHz 

tCLKI 

Clock Width 

5, 10 

Driven 

High 

125 



ns 




(CLK Mode = 1) 

Low 

125 



ns 

Ud 

Address Stable to Valid Data 

■ 4 


150 



ns 

Ur 

Address Stable Before Read 

4 


0 



ns 

tRA 

Address Hold After Read 

4 


0 



ns 

tRR 

Read Pulse Width 

4 


150 



ns 

tRD 

Read Access 

4 




150 

ns 

hZf Uz 

Data Read to Hi-Z 

4 


0 


50 

ns 

Uv 

Recovery Between Two Reads 
or Writes 

5 


250 


i 

ns 

Udck 

Read to Clock Setup Time 

5, 12 


40 



ns 

Uw 

Address Stable Before Write 

4 


0 



ns 

tWA 

Address Hold After Write 

4 


0 



ns 

tww 

Write Pulse Width 

4 


150 



ns 

tow 

Data Setup Before Write Trailing Edge 

' 4 


100 



ns 

tWD 

Data Hold After Write Trailing Edge 

4 


0 



ns 

tWRCK 

Write to Clock Setup Time 

5, 12 


40 



ns 

tCKDAV 

Clock to DAV Assert 

4, 13 

Cl = 50pF 


120 

220 

ns 

tSYNCCK 

SYNC Input to Clock Setup 

5, 12 


40 



ns 

Uyncn 

SYNC Input Width 

5 

(CLK Mode = 0) 


6 



'I/Ulko 




(CLK Mode = 1) 


3 




Uksync 

External Clock to SYNC Output Delay 

5, 13 

Cl = 50pF 


150 

200 

ns 

Uynco 

SYNC Output Pulse Width 

5, 13 

(CLK Mode = 0) 




8 

1/^CLKO 




(CLK Mode = 1) 




4 

1/^CLK1 

tWRDAV 

Write Reg2 to DAV Rising Edge 

4, 14 

Cl = 50pF 



170 

ns 

Uddav 

Read RegO to DAV Rising Edge 

4, 15 

Cl = 50pF 



170 

ns 

tr/ tf 

Rise and Fall 


All Inputs 



25 

ns 


Note 1: Absolute maximum ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless otherwise 
specified are measured with respect to ground. 

Note 2: Devices are 100% tested with temperature limits guaranteed by 100% testing, sampling or by correlation with worst-case test conditions. 
Note 3; Typicals are parametric norm at 25°C. 

Note 4: Parameter guaranteed and 100% production tested. 

Note 5: Parameter guaranteed. Parameters not 100% tested are not in outgoing quality level calculation. 

Note 6: Common mode rejection is the ratio of the change in zero error to the change in common mode input range. 

Note 7: Power supply rejection is the ratio of the change in zero error to the change in power supply voltage. 

Note 8: All parameters measured from 0.8V to 2.0V, Cl = lOOpF. 

Note 9: CKIX bit in control register = 0. 

Note 10: CKIX bit in control register = 1. 

Note 11: Maximum frequency is 1/tcLKi (high) + t^LKi (^ow) + rise + fall times and, < 3.5MHz. 

Note 12: Setup time required for syn^ronous start of conversion. 

Note 13: in CLK mode = 0 (CK1X bit in control register = 0) start of conversion will occur at specified time; or time plus one fcLKO period (see 

Figure 5). _ 

Note 14: Writing a control register bit 0 with a one will acknowledge the DAV condition and de-assert DAV output. 

Note 15: In start mode = 1, a read from location " 0 " will start the next conversion ^nd de-assert the DAV output. 
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TIMING DIAGRAMS 



CLK, MODE = 1 


CLK, MODE = 1 


CLK, MODE = 0 


Figure 1. Read Cycle 




-►I --tww - 

Figure 2. Write Cycle 




DAV IS SET AND CLEARED BY INTERNAL CIRCUITRY. 

NOTE: DMA BIT IN THE CONTROL REGISTER MUST BE SET FOR THIS OPERATION. 


Figures. Data Available 


CLK, MODE = 0 



t'-l--tSYNCO—- 

Figure 4. SYNC Output 
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TIMING DIAGRAMS (Continued) 


START OF CONVERSION START OF CONVERSION 

(NOTE 2) (NOTE 3) 



NOTES: 

1. CLK IS THE CLOCK DRIVEN AT THE CLOCK PIN. 

2. IN CLK MODE 1, WILL ALWAYS OCCUR AT TO IF SETUP TIMES ARE MET. 

3. IN CLK MODE 0, WILL OCCUREITHER AT TO OR T1 IF SETUP TIMES ARE MET. 


Figure 5. Synchronous Start of Conversion (Start Mode 0,1,3) 
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FUNCTIONAL DESCRIPTION 


ALGORITHMIC A/D CONVERTER 

Micro Linear's algorithmic converter uses a successive 
approximation technique. Most of today's successive 
approximation converters use a DAC to feedback the ap¬ 
proximated signal, however this technique requires more 
circuitry than algorithmic converters. In addition the val¬ 
ues of all of the resistors or capacitors in the QAC must be 
matched to within the accuracy of the converter. This is 
difficult to do in silicon beyond 10 bits unless trimming is 
used. An algorithmic converter uses less circuitry and is 
more easily trimmed. Micro Linear's algorithmic converter 
is implemented using a 2x amplifier, a sample/hold amp, 
and a comparator as shown in Figure 7. 

The input sample is first multiplied by two then compared 
to the reference voltage. Ifthe2x input voltage is greater 
than the reference, the MSB is a 1 and the reference volt¬ 
age is subtracted from the 2x input voltage. The remainder 
is stored in the sample and hold. If the 2x input voltage Is 
less than the reference, the MSB is a 0 and the 2x input 
voltage is stored in the sample and hold. This process re¬ 
peats again, however now the sample and hold voltage is 
multiplied by 2. 

The algorithm involves multiplication by 2, comparison, 
and possibly subtraction. Referring to Figure 6, the 
algorithm for the circuit can be described as follows: 

Stepi If (2 X v,n) - Vref > 0 
then MSB = 1 

(2 X V,n) - Vref-S/H 
else MSB = 0 

• (2xV,n)-S/H 

Step 2 If (2 X S/H) - Vref >0 
then next bit = 1 

(2 X S/H) - Vref^S/H 
else next bit = 0 

(2 X S/H)-S/H 

Step 3 Repeat Step 2 until conversion complete. 

Since the A/D converter handles bipolar inputs, 
negative inputs are handled slightly differently using the 
same principle. 



Figure 7. Self Calibrating A/D Converter 


SELF CALIBRATION 

In order to maintain integral and differential linearity to 
the 1/2 LSB level in an algorithmic converter, two critical 
parameters need to be controlled, loop offsets and the 
gain of the loop. Loop offsets are automatically nulled be¬ 
fore each conversion using autp-zeroing circuitry on both 
the sampling amp and the 2x amp. The gain of the loop is 
adjusted using self calibration. 

Self calibrating the algorithmic converter, once the offsets 
have been nulled, is performed by measuring the 2x gain 
of the loop and adjusting it. The gain can be measured by 
converting the reference voltage as the input as well as the 
reference (Vref/Vref)/ and examining the output code. 
Converting Vref should yield plus full scale, since Vref/ 
Vref should equal 1. If the gain of the loop is slightly less 
than 2, the resulting LSB of the conversion will be "0". If 
the magnitude bits of the resulting conversion are all "1 s", 
the gain may be too great, therefore the gain is reduced to 
the point where the threshold of the LSB is reached. 

Adjustment of the 2x gain is done with the binary 
weighted trim capacitor arrays connected to each of the 
2C input capacitors. A small value of capacitance is eithe^ 
added to or subtracted frorri the 2C input caps until the 
gain of the loop is within 13 bit accuracy of 2. 
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FUNCTIONAL DESCRIPTION (Continued) 


CONVERSION TIMES 

The following table lists the conversion times which in¬ 
clude the sample and hold acquisition time. For a CALRD 
and CALWR no A/D conversion actually takes place. 

OPERATION # OF INTERNAL CLOCKS* 

8 bit A/D 80 

13 bit A/D no 

CALWR 52 

CALRD 80 

SAMPLE AND HOLD TIMING 

Figure 8 shows the internal timing for the sample and hold 
circuitry. The relationship between the "Start of Conver¬ 
sion" and the input channel going into sample mode is 
fixed at 6 internal clocks*, regardless of the Start Mode. Six 
internal clocks after the Start of Conversion the Sample 
and FHold is switched into the sample mode, placing two 
9pF capacitors in parallel with the inputs pins; one on 
V|N + and one on V|n - • The sample switch is kept in the 
sample mode for 8 internal clocks (2.3/iS at a 7MHz ex¬ 
ternal clock), then placed in the hold mode. During the 
next 2 internal clocks the charge on the sample and hold is 
transferred into the A/D, after which the Vref P'^ 'S sam¬ 
pled for 8 internal clocks. 

Figure 8 also illustrates the timing of the SYNC pin in Mas¬ 
ter Mode during a conversion (M/S= 1 Control register) 
and Start Mode 0, 1, or 2. SYNC is activated one internal 
clock cycle after the Start of Conversion and lasts for four 
internal clocks. 

*For a description of internal clocks see Clock section. 


ANALOG INPUTS 

DIFFERENTIAL INPUTS AND COMMON MODE 
REIECTION 

The differential inputs of the ML2233 eliminate the effects 
of common mode input noise (60Hz for example), as 
V|N + and V|N - are sampled at the same time. 

NOISE 

The leads to the analog inputs should be kept as short as 
possible to minimize output noise. Noise as well as digital 
clocks can couple into the inputs and cause errors. Input 
filters can be used to reduce the effects of these sources. 

POWER SUPPLY DECOUPLING 

Low inductance tantalum capacitors of IjnF or greater 
and 0.0VF disc ceramic capacitors are recommended for 
bypassing AVcc as well as Vss to AGND. These capacitors 
should be placed close to the AVcc and Vss P'l^s. 

MICROPROCESSOR INTE RFACE 

There are two 13-bit directly addressable registers; a Data 
Buffer register and a Control register. The data buffer regis¬ 
ter provides the conversion results. The data register is 
double buffered, allowing one result to be read while the 
next sample is being converted. The data register also al¬ 
lows access to the algorithmic converter's calibration 
code. Normally the ML2233 is operated without ever ac¬ 
cessing these registers. (Refer to Diagnostics for more 
information). The Control register provides complete con¬ 
trol and status information. The two registers are ad¬ 
dressed by pin AO. 


EXTERNAL 
CLOCK 
(CLK MODE 0) 


INTERNAL 
CLOCK 
OR (CLK MODE 1) 


rinjmjmnnjmnnjuuuiiuijifumnjijuuuiiijimil^^ 

I I II I 



SYNC PIN 
(MASTER MODE) 


START OF CONVERSION 


SAMPLING INPUT-*-l 


-SAMPLING REFERENCE-^ 


Figure 8. Sample and Flold Timing 
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FUNCTIONAL DESCRIPTION (Continued) 


All data is returned from the converter in two's comple¬ 
ment format. 

Cycle -f-Max -Min Zero 

13 ’ OFFF 1000 0000 

8 007F 1F80 0000 

REGISTER DESCRIPTION 

RegisterO—Data Buffer: 

Register 0 contains the results of the latest conversion 
when read. Depending off the Start Mode selected, read¬ 
ing or writing to this register may start the next 
conversion. 

Register 1—CONTROL Register: 

Bit 0 (DAV status when READ/DAVACK acknowledge 
when a ONE is written); 

Reading DAV= 1 indicates that new data is available or a 
calibration is complete. DAV will be cleared automatically 
when the data is read. This bjt can be explicitly acknowl- 
edg ed by writing a ONE to it; writirig a zero has no effect. 
The DAV output pin always reflects the DAV status bit. 


Bitl (BUSY status when READ/RESET when a ONE is 
written): 

Reading BUSY = 1 indicates that a conversion or.calibra-^; 
tion is in progress. Writing a ONE will force a chip reset. 
Writing a zero has no effect. 

RESET Default Conditions: 

The Control register will automatically be cleared. The 
Data Buffer register will be unchanged. The Calibration 
register is not cleared after a reset, however the ADR DY 
bit is cleared. Since the DAV status bit is cleared, the DAV 
output is inactivated (high). The SYNC pin is forced to be 
an input as a result of clearing the M/S bit in the Control 
register. 

Bit 2 (ADRDY status when READ/DOCAL request when a 
ONE is written): 

Reading ADRDY = 0 indicates that the converter has not 
been calibrated since the last reset, and ADRDY = 1 indi¬ 
cates that it has been calibrated since the last reset. 
Writing a ONE will force the converter to do a calibration; 
writing a zero has no effect. 


READ 
7 6 


DATA BUFFER REG I 


13-BIT CO^VERTED DATA 


CALCODE HOLDING REGISTER 


CONTROL REG KKIX M/S 




TAon 
I ROY 


|busy| dav| 
LZd 


L 


DAV STATUS 
CONV BUSY STATUS 
CHIP CALIBRATED STATUS 
L— SHORT CYCLE 


— 00: START IF REGO IS WRITTEN 
01: START IF REGO IS READ 
|~ 10: CONTINUOUS CONVERSIONS 
AFTER REGO IS WRITTEN 
'— 11: START IF SYNC GOES HIGH 


- TEST MODE 
- MASTER/SLAVE 


- 0: fcLK = 0, CLK DIVIDED BY 2 INTERNALLY (DEFAULT) 
MAXIMUM INPUT CLOCK FREQUENCY IS 7MH2. 


1; fCLK = 1, CLK DRIVES INTERNAL LOGIC DIRECTLY 
MAXIMUM INPUT CLOCK FREQUENCY IS 3.5MHz. 


r 


ackI 

[_ WRITING) 

ACKNOWLEDGES DAV 


-WRITING) RESETS CHIP 
- WRITING 1 REQUESTS A CALIBRATION 
- SHORT CYCLE 0 = 13-BIT, 1 = 8-BIT 
■ START MODES 

- 000: NORMAL A/D CONVERSION 

- 0: SLAVE MODE, SYNC IS AN INPL3T (DEFAULT)' 

- 1: MASTER MODE, SYNC IS AN OUTPUT 


Figure 9. Register Description 
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FUNCTIONAL DESCRIPTION (Continued) 


Bit 3 (SC: Short cycle select): 

Selects 8 or 13 bit conversions. 

SC = 0: 13-bit conversion (default) 

SC = 1: 8-bit conversion (short cycle) 

Bits 4,5 (SMDE: Start Mode): 

Defines Start Conversion mode. 

Bits 5,4 

00 Start Conversion upon writing to register 0 
(default) 

01 Start Conversion upon reading register 0 

10 Start Continuous Conversions upon writing to 
register 0. 

11 Start on external SYNC input going high 
(Requires Slave mode: M/S = 0) 

Bits 7,6 (reserved): 

These bits are reserved by Micro Linear and must be writ¬ 
ten as zero. 

Bits 10,9,8 (TMDE: test mode select bits) 

These bits are used for diagnostic purposes only and nor¬ 
mally not accessed during operation. The default value of 
TMDE is 000 which selects a normal A/D conversion. See 
Diagnostics for more information. 


Bit 11 (M/S: Master/Slave bit): 

Dictates whether the SYNC pin is an input or an output. 

Upon RESET, this bit is cleared. 

M/S = 0: Slave Mode SYNC is an input which is used 
to trigger a conversion if 
SMDE=11. 

M/S= 1: Master Mode SYNC is an output. At the begin¬ 
ning of every conversion, SYNC 
is high for 4 internal clocks. 

Bit 12 (CK1X: clock select bit): 

Selects whether the external clock will be divided by two 

or used directly as the internal clock. See Clock section for 

a detailed explanation. 

CK1X = 0: the external clock is divided by 

two and used as the internal 
clock. This is referred to as CLK 
Mode = 0. 

CK1X=1: the external clock input is used 

directly as the internal clock. 
This is referred to as CLK 
Mode = 1. 



TMDE Description 

000 Normal A/D Conversion 
001 Reserved by Micro Linear (Do Not Use) 

010 CALWR Operation 

oil CALRD Operation 

100 System Offset 

101 Common-mode 

110 Pius Full Scale 

111 Minus Full Scale 
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FUNCTIONAL DESCRIPTION (Continued) 


GENERAL OPERATING INFORMATION 

CONVERSION-START PROTOCOL 

There are four different ways to start a conversion. They 
are defined by SMDE bits 4 and 5 in the Control Register. 

SMDE 
Bits 5,4 

00: A write to register 0 will start a conversion. During 
a conversion, if another write is issued to register 
0, the "Start Conversion" command will be 
latched and another conversion will immediately 
follow the current one. To insure that the second 
write will be latched, it must occur at least 3 in¬ 
ternal clocks after the first write. Only one addi¬ 
tional write will be latched; multiple writes within 
a conversion will only yield one more conversion. 

01: Reading the data from the previous conversion 
starts the next conversion. 

10: This mode causes continuous conversions; the 
next conversion begins immediately after the 
previous conversion ends. Writing to register 0 
will start the first conversion; thereafter the con¬ 
verter runs continuously. This mode yields the 
maximum conversion rate. 

11: The SYNC input triggers the start of a conversion. 
The M/S bit i n the Control Register must be 
cleared, placing the chip in the slave mode. 

Note: The external activation signals for Start Modes 0, 1, 
and 3 are synchronized internally to the system clock. If 


periodic sam pling is required using these Start Modes, the 
SYNC, RD, or WR pulses must be synchronized to the sys¬ 
tem clock. Start Mode 2 guarantees periodic sampling. 

DOUBLE-BUFFERED DATA REGISTER 

The A/D conversion result is double-buffered using the 
Data Buffer register and the A/D Data register. The actual 
End-Q f-Conversion (EOC) d oes n ot correspond with the 
DAV output going low. The DAV output g oes lo w 16 in¬ 
ternal clocks after the EOC. From the time DAV output 
goes LOW, the user has one full conversion time (80 or 
110 internal clocks) minus 16 internal clocks to read the 
data as shown in Figure 10. 

SELF CALIBRATION 

Setting the DOCAL bit issues a calibration request to the 
chip. W hen c alibration is done, the DAV status bit is set 
and the DAV output goes low. 

A calibration requires 8,260 internal clocks. Using a 7MHz 
clock (CLK Mode = 0), this is approximately 2 ms. Power 
supplies and external voltage reference must be stable be¬ 
fore issuing a request for calibration. 

The ML2233 should be calibrated before any conversions 
are attempted. Calibrations must not be performed si¬ 
multaneously with conversions. Before requesting a cali¬ 
bration, the user may want to read the Busy status bit to 
make sure that the converter is idle. Poliing the chip while 
the calibration is in progress is not recommended. 


START OF CONVERSION 2 START OF CONVERSION 3 
START OF CONVE RSION 1 END OF CONVERSION 1 END OF CONVERSION 2 



Figure 10 
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FUNCTIONAL DESCRIPTION (Continued) 


CLOCK 

The ML2233 has the option of dividing the clock at the 
CLK pin by 2, or using it directly to drive the internal logic. 
This option is selected through the CK1X bit in the Control 
register. When CKlX = 0the clock is divided by 2. This is 
referred to as CLK Mode = 0. The clock at the CLK pin is re¬ 
ferred to as the External clock, and the Internal Clock is 
the External clock divided by 2. When CKl X = 1, the clock 
at the CLK pin drives the internal logic directly, therefore 
this clock is referred to as the Internal clock. This is also 
known as CLK Mode= 1, All internally clocked logic is 
positive edge triggered. 

CLK Mode = 0: 

There are two advantages to CLK Mode 0. This is the only 
Mode that allows an external crystal to be used. CLK Mode 
1 cannot operate with an external crystal, the CLK pin 
must be driven. The second advantage of CLK Mode 0 is 
that the duty cycle for a driven clock is less stringent than 
in CLK Mode 1. (Refer to tcLKO ^nd tcLKi in AC Electrical 
Characteristics for CLK Mode 0 and 1 timing requirements, 
respectively.) 

On power up the state of the divide by two flip-flop is in¬ 
determinate. Therefore the relationship between the in¬ 
ternal clock and the external clock at the CLK pin can have 
one of two possibilities as shown in Figure 11. As a result 
the following should be considered. 


twRCK/ tRDCK/ and tsYNCCK specs, (RD, WR, and SYNC set¬ 
up times to Start of Conversion), will be as shown in the 
data sheet, or the data sheet specs plus one external clock 
period. Since these specifications are with respect to the 
rising edge of the external clock, it is not known whether 
this rising edge corresponds to the rising edge or falling 
edge of the internal clock. Therefore there is an uncer¬ 
tainty of one external clock period. 

If periodic sampling is necessary and S tart Mod e 0,1, or 3 
is used, the external start pulse (either RD, WR, or SYNC) 
must be synchronous to the external clock, rneet the setup 
time, and be an even number of external clock periods. If 
the start pulse were an odd number of external clock peri¬ 
ods, half the pulses would correspond with the rising edge 
of the internal clock, and the other half would correspond 
with the falling edge of the internal clock. Therefore the 
sampling period would change by one external clock 
period every sample. Start Mode 2 guarantees periodic 
sampling regardless of the CLK mode. 

CLK Mode = 1: 

This mode eliminates the requirement that external start 
pulses must be an even number of external clock periods. 
However periodic sampling still requires that the start 
pulse be synchronous to the external clock, and the setup 
time must be met. CLK Mode 1 also eliminates the un¬ 
certainty of the twRCK/ tRDCK/ and tsvNCCK requirements. 


0 


2 3 4 5 


EXTERNAL 
CLOCK 
(CLK MODE = 0) 



INTERNAL 

CLOCK* 


A 

~\ 


L 

r 


*INTERNAL CLOCK MAY BE ONE OF THE TWO ABOVE IN CLK MODE = 0 


Figure 11 
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FUNCTIONAL DESCRIPTION (Continued) 


DIAGNOSTICS 

Diagnostic routines may be run after power up or any , 
other time to ensure proper operation. The diagnostic fea¬ 
tures, which are software selectable, don't require ex¬ 
ternal hardware. Both the analog and digital sections can 
be tested. 

The ML2233 is placed in the diagnostic mode via the 
TMDE field in the Control Register. Once the ML2233 is 
placed in one of the diagnostic modes, a conversion must 
be executed befor e the results can be read. As with all 
conversions, DAV will be activated upon completion. 

ANALOG CONVERSION DIAGNOSTICS 

TMDE = 000: Normal Operation 

Selects normal A/D conversion. Default condition after a 
software reset. 

TMDE = 001: Reserved by Micro Linear. 

TMDE = 010: CALWR operation 

The data in Write register 0 (CALCODE Holding Register), 
is transferred into the converter's Calibration register 
when a "Start Conv ersion " is issued. A dummy conver¬ 
sion occurs and the DAV output goes LOW to indicate that 
the operation is complete. 

TMDE = 011: CALRD operation 

The contents of the Calibration register are transferred 

through the A/D Data register and loaded into the Data_ 

Buffer register. A dummy 8-bit conversion occurs and DAV 
output goes LOW to indicate that the CALRD operation is 
complete. 


TMDE = 100: System Offset 

The positive and negative inputs to the Sample and Hold 
are tied to analog ground. With this setting, converted 
data will give the offset of the A/D converter and Sample/ 
Hold combination. The Vin + and Vin - pins will remain 
in a high impedance state while in this mode. 

TMDE= 101: Common-mode 

Both the positive and negative inputs of the Sample and 
Hold aretied to Vref-T he results of a conversion in this 
test mode indicates how well the converter is rejecting a 
common mode signal. 

TMDE= 110: Positive Full Scale 

This test mode con nects the positive input of the Sample 
and Hold to Vref and the negative input of the Sample and 
Hold to analog ground. The result of converting in this test 
mode is a value near positive full scale. 

TMDE = 111: Negative Full Scale 
This test mode connects the positive input of the Sample 
and Hold to analog ground and the negative input to Vref- 
The result of converting in this test mode is a value near 
negative full scale. 

DIGITAL LOOPBACK 

The ML2233's architecture provides a way for the micro¬ 
processor to indirectly read and write to the A/D 
converter's calibration register and data register via a 
CALRD and CALWR. Figure 12 illustrates this architecture. 
This in effect allows a digital loopback. 



I_^_I_I 


Figure 12. Digital Loopback 
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FUNCTIONAL DESCRIPTION (Continued) 


When the TMDE bits are set to 010 CAL WRITE (CALWR), 
and a Start Conversion is issued in any one of the four 
modes, the contents of the CALCODE Holding register is 
transferred into the A/D converter's Calibration register. 
When the TMDE bits are set to 011 CAL READ (CALRD), 
and a Start Conversion is issued, the contents of the 
Calibration register are transferred through the A/D's 
Data register into the Data Buffer register. The result of 
these two operations is a complete loopback from the 
CALCODE Holding register through the A/D converter 
and back into the Data buffer register. This loopback pro¬ 
vides user assurance that all the paths are clear and there 
are no stuck bits. 

Note: When a CALWR is done, the previous calibration 
value is lost. The correct calibration value must be re¬ 
stored before the converter is used to convert data. 

CALIBRATION PASS/FAIL TEST 

The CALRD can be used as a way to verify a successful 
calibration. After a calibration is completed, the CALRD 
may be issued in order to read the contents of the Calibra¬ 
tion register. If the Low Byte (lower 8 bits) of the data 
buffer register are ones after executing a CALRD, the cali¬ 
bration failed; otherwise the calibration is successful. 
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Figure 13. Interfacing to 68000 Microprocessor 
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Figure 14. Interfacing to TMS320C25 Digital Signal Processor 
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ORDERING INFORMATION 


PART NUMBER 

MAXIMUM 
LINEARITY ERROR 

MAXIMUM TOTAL 
UNADJUSTED ERROR 

MINIMUM 

CONVERSION 

PACKAGE 

ML2233BCf 

±3/4 LSB 

±1V2 LSB 

srs/js 

Hermetic DIP (J28) 

ML2233CQ 

±1 LSB 

±21/2 LSB 

31.5/2S 

Hermetic DIP (j28) 

ML2233DGj 

±1 LSB 

±21/2 LSB 

44.0//S 

Hermetic DIP (j28) 
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jLtP Gompatible 8-Bit A/D (^nvert^^ 
with 2-or 8-Channel Multiplexer 


GENERAL DESCRIPTION 

The ML2252 and ML2259 combine an 8-bit A/ D converter, 
2- or 8-channel analog multiplexer, and a microprocessor 
compatible 8-bit parallel interface and control logic in a sin¬ 
gle monolithic CMOS device. 

Easy interface to microprocessors is provided by the latched 
and decoded multiplexer address inputs and a double buf¬ 
fered three-state data bus. These analog-to-digital converters 
allow the microprocessor to operate completely asynchron¬ 
ous to the converter clock. 

The built in sample and hold function provides the ability to 
digitize a 5 V, 50 kHz sine wave to 8-bit accuracy. The differ¬ 
ential comparator design provides low power supply sensitiv¬ 
ity to DC and AC variations. The voltage reference can be 
externally set to any value between ground and Vco thus 
allowing a full conversion over a relatively small span if de¬ 
sired. All parameters are guaranteed over temperature with a 
power supply voltage of 5 V ± 10%. 

The device Is suitable for a wide range of applications from 
process and machine control to consumer, automotive, and 
telecommunication applications. 


FEATURES 

■ Conversion time (fcLK = 1'46MHz) 6.6^s 

■ Total unadjusted error ±1/2 LSB or ± 1LSB 

■ No missing codes 

■ Sample and hold 390 ns acquisition 

■ Capable of digitizing a 5 V, 50 kHz sine wave 

■ 2- or 8-channel input multiplexer 

■ OVto 5 V analog input range with single 5 V power 
supply 

■ Operates ratiometrically or with up to 5 V voltage 
reference 

■ No zero or full scale adjust required 

■ Analog Input protection 25 mA (min) per input 

■ Continuous conversion mode 

■ Low power dissipation 15m W MAX 

■ TTL and CMOS compatible digltal inputs and outputs 

■ Standard 20-pin or 28-pin DIP or PCC 

■ Temperature range 0°Cto+70°C, 

or-40°Cto+85°C, 
or-55°Gto-Hl25°C 


BLOCK DIAGRAMS 
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BLOCK DIAGRAMS (Continued) 


ML2259 



TTTT 

ADDRESS AO A1 A2 GND 
LATCH 
ENABLE 


PIN CONNECTIONS 


ML2252 
20-Pin DIP 


CHI [ 

1 


START [ 

2 

19 

EOC [ 

3 

18 

DB3 [ 

4 

17 

OE[ 

S 

16 

CLK [ 

6 

IS 

Vcc [ 

7 

14 

+Vref |[ 

8 

13 

GND [ 

9 

12 

DB1 [ 

10 

11 


TOP VIEW 


CHO 

ADDRO 

ALE 

DB7 

DB6 

DBS 

DB4 

DBO 

-Vref 

DB2 


ML2252 
20-Pin PCC 

START CHO 
EOC I CHI I ADDRO 



ML2259 
28-Pin DIP 



CH2 
CHI 
CHO 
I ADDRO 
I ADDR1 
I ADDR2 
1 ALE 
DB7 
DB6 
DBS 
I DB4 
I DBO 
-Vref 
DB2 


ML2259 
28-Pin PCC 

CHS CH3 CHI 
CH6 I CH4 I CH2 | CHO 



I GND I DB2 I DBO | 
+VREF DB1 -Vref DB4 
TOP VIEW 
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PIN DESCRIPTION 


PIN# 


ML2252 

ML2259 

NAME 

FUNCTION 


1 

CH3 

Analog input 3. 


2 

CH4 

Analog input 4. 


3 

CH5 

Analog input 5. 


4 

CH6 

Analog input 6: 


5 

CH7 

Analog input 7. 

2 

6 

START 

Start of conversion. Active high digital input pulse initiates conversion. 

3 

7 , 

EOC 

End of conversion. This output goes low after a START pulse occurs, stays low for 
the entire A/D conversion, and goes high after conversion is completed. Data 
on DB0-DB7 is valid on rising edge of EOC and stays valid until next EOC rising 
edge. 

4 

8 

DB3 

Data output 3. 

5 

9 

OE 

Output enable input. When OE = 0, DB0-DB7 are in high impedance state; 

OE = 1, DBO-DB7 are active outputs. 

6 

10 

CLK 

Clock. Clock input providestimingfor A/D converter, S/H, and digital interface. 

7 

11 

Vcc 

Positive supply. 5 V ± 107o. 

8 

12 

+Vref 

Positive reference voltage. 

9 

13 

GND 

Ground. OV, all analog and digital inputs or outputs are referenced to this point. 

10 

14 

DB1 

Data output 1. 

11 

15 

DB2 

Data output 2. 

12 

16 

-VreF 

Negative reference voltage. 

13 

17 

DBO 

Data output 0. 

14 

18 

DB4 

Data output 4. 

15 

19 

DB5 

Data output 5. 

16 

20 

DB6 

Data output 6. 

17 

21 

DB7 

Data output 7. 

18 

22 

ALE 

Address latch enable. Input to latch in the digital address (ADDR2-0) on the 
rising edge of the multiplexer. 


23 

ADDR2 f 

Address input 2 to multiplexer. Digital input for selecting analog input. 


24 

ADDR1 

Address input 1 to multiplexer. Digital input for selecting analog input. 

19 

25 

ADDRO 

Address input 0 to multiplexer. Digital input for selecting analog input. 

20 

26 

CHO 

Analog input 0. 

1 

27 

CHI 

Analog input! 


28 

CH2 

Analog input 2. 


ABSOLUTE MAXIMUM RATINGS OPERATING CONDITIONS 

(Notel) 


Supply Voltage, Vcc . 

... 6.5V 

Supply Voltage, Vcc • • ... 

.4.5VDcto6.3VDc 

Voltage 


Temperature Range (Note 3) .. 

. Imin^Ia^Imax 

Logic Inputs .. 

... -0.3 V to Vcc+0.3 V 

ML2252BMJ, ML2252CMJ ......;. 

. -55°Cto+125°C 

Analog Inputs.;...... 

.. . -0.3 V to Vcc+0.3 V 

ML2259BMJ, ML2259CMJ 


Input Current per Pin (Note 2) ........ 

. . . ... -♦■25mA 

ML2252BIJ, ML2252CIJ .. 

.V. -40°Cto+85°C 

Storage Temperature . 4 .. 

..... -65°Cto+150°C 

ML2259BIJ, ML2259CIJ 


Package Dissipation 


ML2252BCP, ML2259BCP ... . 

... 0°C to +70° C 

at Ta = 25° C (Board Mount) ........ 

. 875 mW 

ML2252BCQ, ML2259BCQ 


Lead Temperature (Soldering 10 sec.) 


ML2252CCP, ML2259CCP 


Dual-ln-Line Package (Plastic) . 

.... .. 260°C 

ML2252CCQ, ML2259CCQ 


Dual-ln-Llne Package (Ceramic) . 

.. 300°C 



Molded Chip Carrier Package 




Vapor Phase (6C) sec.) . 

..215°C 



Infrared (15 sec.) ...... 

. 220°C 
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ELECTRICAL CHARACTERISTICS 

Unless otherwise specified Ta=^Tmin to T^ax/ Vcc= +Vref = 5V±107 o, -Vref = GND and 





ML2252B, ML2259B 

ML2252C, ML2259C 


PARAMETER 

NOTES 

CONDITIONS 

MIN 

TYP 
NOTE 4 

MAX 

MIN 

TYP 
NOTE 4 

MAX 

UNITS 


CONVERTER AND MULTIPLEXER CHARACTERISTICS 


Total Unadjusted Error 

5,7 

Vref = Vcc 



±1/2 



±1 

LSB 

+Vref Voltage Range 

6 


-Vref 


Vcc+0.1 

-Vref 


Vcc 

V 

-Vref Voltage Range 

6 


GND-0.1 


+Vref 

GND-0.1 


+Vref 

V 

Reference Input 
Resistance 

5 


14 . 

20 

28 

14 

20 

28 

kQ 

Analog Input Range 

5,8 


GND-0.1 


Vcc+0.1 

GND-0.1 


Vcc+OJ 

V 

Power Supply 

Sensitivity 

6 

DC 

Vcc = 5V±107o 


±1/32 

± 1/4 


±1/32 

± 1/4 

LSB 

lOOmVp.p 

100 kHz Sine on Vrr, 

V,N = 0 


± 1/l6 



± 1 / 1 6 


LSB 

loff/ Off Channel 
Leakage Current 
(Note 9) 

5,9 

On Channel = Vcc 

Off Channel =0 V 

-1 



-1 



pA 

On Channel = 0V 

Off Channel=Vcc 



1 



1 

mA 

lon/ On Channel 
Leakage Current 
(Note 9) 

5,9 

On Channel-OV 

Off Channel =Vcc 

-1 



-1 



mA 

On Channel = Vcc 

Off Channel = 0V 




' 

' 


1 

mA 







TYP 



SYMBOL 

PARAMETER 

NOTES 

CONDITIONS 

MIN 

NOTE 4 

MAX 

UNITS 


DIGITAL AND DC CHARACTERISTICS 


V|N(1) 

Logical "1" Input Voltage 

5 


2.0 



V 

V|N(0) 

Logical "0" Input Voltage 

5 




0.8 

V 

l|N(1) 

Logical "1" Input Current 

5 

z 

> 



1 

pA 

l|N(0) 

Logical "0" Input Current 

5 

< 

z 

0 

< 

-1 



^ pA 

VoUT(l) 

Logical '1" Output Voltage 

5 

louT= - 2 mA 

4.0 



V 

VoUT(O) 

Logical "0" Output Voltage 

5 

buT = 2 mA 



0.4 

V 

buT 

Three-State Output 

5 

Vqut^OV 

-T 



pA 


Current 


VouT=Vcc 



1 

mA 

Icc 

Supply Current 

5 



1.5 

3 

mA 


AC AND DYNAMIC PERFORMANCE CHARACTERISTICS (Note 10) 


UCQ 

Sample ^ Hold Acquistion 




. ' 1/2 


1/fcLK 

fcLK 

Clock Frequency 

5 


s. lO 


1460 

kHz 

b 

Conversion Time 




8.5 

8.5+250 ns 

l/fcLK 

SNR 

Signal to Noise Ratio 


V|N = 51kHz,5VSine. 
fcLK=1-46 MHz 

(fsAMPLiNG-150kHz). Noise is Sum of 
All Nonfundamental Components up 
to 1/2 of fsAMPLING 


47 


dB 

THD 

Total Harmonic Distortion 


V,N = 51kHz,5VSine. 
fcLK = '1-46 MHz 

(fsAMPLiNG-150kHz). THD is Sum of 

2, 3,4, 5 Harmonics Relative to 
Fundamental 


-60 


dB 
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ELECTRICAL CHARACTE RISTICS (Continued) 

Unless otherwise specified Ta=Tmin to Tmax/ Vcc= +Vref = 5¥±10%^ Vref = GND and fcLK^ t-46MHz. 







TYP 



SYMBOL 

PARAMETER 

NOTES 

CONDITIONS 

MIN 

NOTE 4 

MAX 

UNITS 


AC AND DYNAMIC PERFORMANCE CHARACTERISTICS (Note 10) (Continued) 


IMD 

Intermodulation Distortion 


ViN =fA+fB- fA=49 kHz, 2.5 V Sine. 
fB=47.8kHz, 2.5 V Sine, 
fcLK-1.46 MHz 

(fsAMPLiNG=150 kHz). IMD is (fA+fg), 
(fA-fg), (2fA+fg), (ifA-fg), (fA+2fg), 
(fA - 2 fg) Relative to Fundamental 

-^ 

-60 . 


dB: 

FR 

Frequency Response 


V|N=0 to 50 kHz. 5V Sine Relative to 
1kHz - 


0.1 


dB 

toe ■ 

Clock Duty Cycle 

6,11 


40 


60 

7o 

teoc 

End of Conversion Delay 

5 



1/2 

1/2+250 ns 

1/fcLK 

tws 

Start Pulse Width 

5 


50 



ns 

tss 

Start Pulse Setup Time 

6,12 

Synchronous Only 

40 



ns 

twALE 

Address Latch Enable Pulse 
Width 

5 


50 



ns 

ts 

Address Setup 

5 


0 



ns 

tH 

Address Hold 

5 


50 



ns 

Iho 

Output Enable for DB0-DB7 

6 

Figure 1, Cl = 50pF 



100 

ns 



6 

Figure 1, Cl = 10 pF 



50 

; ns 

hH/ toH 

Output Disable for DB0-DB7 

6 

Figure 1, Cl = 50 pF 



100 

ns 



6 

Figure 1, Cl ^10 pF 



50 

ns 

Qn 

Capacitance of Logic Input 




5 


pF 

Cqut r 

Capacitance of Logic Outputs 




10 


pF 


Notel; Absolute maximum ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless otherwise 
specified are measured with respect to ground, 

Note 2: When the input voltage (V|n) at any pin exceeds the power supply rails (V|n<GND -O.IVor Vcc +0.1 V) the absolute value of current 
at that pin should be limited to 25 mA or less. 

Note 3: - 55°C to +125°C operating temperature range devices are 100% tested at temperature extremes with worst-case test conditions. 
-40°C to +85°C operating temperature range devices are 100% tested with temperature limits guaranteed by 100% testing, sampling, or by 
correlation with worst-case test conditions: , 

Note 4: Typicals are parametric norm at 25°C. 

Note 5: Parameter guaranteed and 100% production tested. 

Note 6: Parameter guaranteed. Parameters not 100% tested are not in outgoing quality level calculation. 

Note 7: total unadjusted error includes offset, full-scale, linearity, multiplexer and sample and hold errors. 

Note 8: For "-Vref^V|n( +) the digital output code will be 0000 0000. Two on-chip diodes are tied to each analog input which will forward 
conduct for analog input voltages one diode drop below ground or one diode drop greater than the V^c supply. Be careful, during testing at low 
Vcc levels (4.5 V), as high level analog inputs (5V) can cause this input diode to conduct-especially at elevated temperatures, and cause errors 
for analog inputs near full-scale. The spec allows lOGmV forward bias of either diode. This means that as long as the analog ViN or Vref does hot 
exceed the supply voltage by more than ICKDmV, the output code will be correct. To achieve an absolute OVqc to 5 Vpc input voltage range will ; 
therefore require a minimum supply voltage of 4.900Vpc over temperature variations, initial tolerance and loading. 

Note 9: Leali:age current is measured with the clock not switching. 

Note 10; Cl = 50pF, timing measured at 50% point. 

Note 11; A 4p7o to 60% clock duty cycle range insures proper operation at all clock frequencies. In the case that an available clock has a duty 
cycle outside of these limits, the minimum time the clock is high or the minimum time the clock is low must be at least 40 ns. The maximum 
time the clock can be high or low is 60fis. 

Note 12; The conversion start setup time requirementonly needs to be satisfied if a conversion must be synchronized to a given clock rising 
edge. If the setup time is not met, start conversion will have an uncertainty of one clock pulse. 
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Figure 1. High Impedance Test Circuits and Waveforms 


TYPICAL PERFORMANCE CURVES 
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Figure 2. Linearity Error vs fciK 
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TYPICAL PERFORMANCE CURVES (Continued) 




Vref(Vdc) Vref(Vdc) 

Figure 3. Linearity Error vs Vref Voltage Figure 4. Unadjusted Offset Error vs Vrep Voltage 


1.0 FUNCTIONAL DESCRIPTION 

1.1 Multiplexer Addressing 

The ML2252 and ML2259 contain a single ended analog 
multiplexer. A particular input channel is selected by using 
the address decoder. The relationship between the address 
inputs, ADDR0-ADDR2, and the analog input selected is 
shown in Table 1. The address inputs are latched into the 
decoder on the rising edge of the address latch signal ALE. 

Tablet. Multiplexer Address Decoding 
ML2252 


Selected 

Address 

Analog Channel 

Input 

CHO 

0 

CHI 

1 


ML2259 


Selected 
Analog Channel 

ADDR2 

Address Input 
ADDR1 

ADDRO 

CHO 

0 

0 

0 

CHI 

0 

0 

1 

CH2 

0 

1 

0 

CH3 

0 

1 

1 

CH4 

1 

0 

0 

CHS 

1 

0 

1 

CH6 

1 

1 

0 

CH7 

1 

1 

1 


1.2 A/D Converter 

The A/D converter uses successive approximation to per¬ 
form the conversion. The converter is composed of the suc¬ 
cessive approximation register, the DAC and the comparator. 


The DAC generates the precise levels that determine the 
linearity and accuracy of the conversion. The DAC is com¬ 
posed of a capacitor upper array and a resistor lower array 
The capacitor upper array generates the 4 MSB decision 
levels while the series resistor lower array generates the 4 LSB 
decision levels. A switch decoder tree is used to decode the 
proper level from both arrays. 

The capacitor/resistor array offers fast conversion, superior 
linearity and accuracy since matching is only required be¬ 
tween 24 = 16 elements (as opposed to 2^=256 elements in 
conventional designs). And since the levels are based on the 
ratio of capacitors to capacitors and resistors to resistors, the 
accuracy and long term stability of the converter is improved. 
This also guarantees monotonicity and no missing codes, as 
well as eliminating any linearity temperature or power supply 
dependence. 

The successive approximation register is a digital block used 
to store the bit decisions from the conversion. 

The comparator design is unique in that it is fully differential 
and auto zeroed. The fully differential architecture provides 
excellent noise immunity, excellent power supply rejection, 
and wide common mode range. The comparator is auto 
zeroed at the start of each conversion in order to remove any 
DG offset and full-scale gain error, thus Improving accuracy 
and linearity. 

Another advantage of the capacitor array approach used in 
the ML2252 and ML2259 is the inherent sample-and-hold 
function. This true S/H allows an accurate conversion to be 
done on the input even if the analog signal is not stable. 
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1.0 FUNCTIONAL DESCRIPTION (Continued) 


Linearity and accuracy are maintained for analog signals up 
to 1 /2 the sampling frequency. As a result input signals up to 
50 kHz can be converted without degradation in linearity or 
accuracy. 

The sequence of events during a conversion is shown in 
Figure 5. The rising edge of a START pulse resets the internal 
registers and initiates a conversion on the next rising edge of 
CLK providing that (tss) start pulse setup time is satisfied. If 
this setup time is not met, start conversion will have an un¬ 
certainty of one clock pulse. The input is then sampled for 
the next half CLK period until EOC goes low. EOC goes low 
on the falling edge of the next CLK pulse indicating that the 
conversion is now beginning. The actual conversion now 
takes place for the next eight CLK pulses, one bit for each 
CLK pulse. After the conversion is done, the data is updated 
on DB0-DB7 and EOC goes high on the rising edge of the 9th 
CLK pulse, indicating that the conversion has been com¬ 
pleted and data is valid on DB0-DB7. The data will stay valid 
on DB0-DB7 until the next conversion updates the data word 
on the next rising edge of EOC. 


A conversion can be interrupted and restarted at any time by 
a new START pulse. 

1.3 Analog Inputs and Sample/ Hold 

The ML2252 and ML2259 have a true sample-and-hold 
circuit which samples both the selected input and ground 
simultaneously. These analog to digital converters can reject 
AC common mode signals from DC-50 kHz as well as 
maintain linearity for signals from DC-50 kHz. 

The plot below (Figure 6) shows a 2048 point FFT of the 
ML2259 converting a 50 kHz, 0 to 5 V, low distortion sine 
wave input. The ML2252 and ML2259 sample and digitize at 
their specified accuracy, dynamic input signals with fre¬ 
quency components up to the Nyquist frequency (one-half 
the sampling rate). The output spectra yields precise mea¬ 
surements of input signal level, harmonic components, and 
signal to noise ratio up to the 8-bit level. The near ideal signal 
to noise ratio is maintained independent of increasing analog 
input frequencies to 50 kHz. 



Figure 5. Timing Diagram 

0 -- 1 — 

-10 -—---- 

-20 -—... . ' ■ ' - 
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3 -40 
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0 37.5 75 

FREQUENCY (kHz) 

Figure 6. Output Spectrum 
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1.0 FUNCTIONAL DESCRIPTION (Continued) 


The signal at the analog input is sampled during the interval 
when the sampling switch is open prior to conversion start. 
The sampling window (S/H acquisition time) is one half CLK 
period long and occurs one half CLK period after START goes 
low. When the sampling switch closes atthe start of the S/H 
acquisition time, 8 pF of capacitance is thrown onto the ana¬ 
log input. One half CLK period later> the sampling switch 
opens, the signal present at analog Input is stored and con¬ 
version starts. Since any error on the analog input at the end 
of the S/H acquisition time will cause additional conversion 
error, care should be taken to insure adequate settling and 
charging time from the source. If more charging or settling 
time is needed to reduce these analog input errors, a longer 
CLK period can be used. 

Each analog input has dual diodes to the supply rails, and a 
minimum of ±25 mA (± 100mA typically) can be injected 
into each analog input without causing latchup. 

1.4 Reference 

The voltage applied to the +VREFand -Vref Inputs defines 
the voltage span of the analog input (the difference between 
Vinmax and V|nmin) over which the 256 possible output 
codes apply. The devices can be used in either ratiometric 
applications or in systems requiring absolute accuracy. The 
reference pins must be connected to a voltage source capa¬ 
ble of driving the reference input resistance, typically 20 k. 

In a ratiometric system, the analog input voltage is propor¬ 
tional to the voltage used for the A/D reference. This voltage 
is typically the system power supply, so the -i-Vref pin can be 
tied to Vcc and - Vref tied to GND. This technique relaxes 
the stability requirements of the system reference as the ana¬ 
log input and A/D reference move together maintaining the 
same output code for a given input condition. 

Fbr absolute accuracy, where the analog input varies be¬ 
tween specific voltage limits, the reference pins can be biased 
with a time and temperature stable voltage source. 

+Vref and - Vref can be at any voltage between Vcc ^*^^1 
GND. In addition, the difference between n-VREFand - Vref 
can be set to small values for conversions over smaller 
voltage ranges. Particular care must be taken with regard to 
noise pickup, circuit layout and system error voltage sources 
when operating with a reduced span due to the increased 
sensitivity of the converter. 

1.5 Ptiwer Supply and Reference Decoupling 

A lOpiF electrolytic capacitor is recommended to bypass Vcc 
to GND, using as short a lead length as possible. In addition, 
with clock frequencies above 1 MHz, a 0.1 /liF ceramic disc 
capacitor should be used to bypass Vcc to GND. 

If REF-F and REF- Inputs are driven by long lines, they should 
be bypassed by 0.1 /xF ceramic disc capacitors at the reference 
Input pins (pins 12,16). 

1.6 Dynamic Performance 
Signal-to-Noise Ratio 

Signal-to-noise ratio (SNR) is the measured signal to noise at 
the output of the converter. The signal is the rms magnitude 
of the fundamental. Noise is the rms sum of all the nonfunda¬ 


mental signals up to half the sampling frequency. SNR is 
dependent on the number of quantization levels used in the 
digitization process; the more the levels, the smaller the 
quantization noise. The theoretical SNR for a sine wave Is 
given by 

SNR = (6.02 N +1.76)dB 

where N is the number of bits. Thus for ideal 8 -blt converter, 
SNR - 49.92dB. 

Harmonic Distortion 

Harmonic distortion is the ratio of the rms sum of harmonics 
to the fundamental. Total harmonic distortion (THD) of the 
ML2252 or ML2259 are defined as 

(V22 + V32 -F V42 + V52)V2 

20 log = -- 

Vi 

where Vi is the rms amplitude of the fundamental and V 2 , 

V 3 , V 4 , V 5 are the rms amplitudes of the individual 
harmonics. 

intermodulation Distortion 

With inputs consisting of sine waves at two frequencies, f^ 
and fB, any active device with nonlinearities will create 
distortion products, of order (m -f n), at sum and difference 
frequencies of mfA + nfs, where m, n=0,1, 2, 3 ... Inter- 
modulation terms are those for which m or n is not equal to 
zero. The (IMD) intermodulation distortion specification 
includes the second order terms (fA + fe) and (fA - fe) and 
the third order terms ( 2 fA + fs)/ ( 2 fA - fe)/ (^A + ^fs), and 
(fA - 2 fB) only. 

1.7 Digital Interface 

The analog inputs are selected by the digital addresses, 
ADDR0-ADDR2, and latched on the rising edge of ALE. This 
is described in the Multiplexer Addressing section. 

A conversion is initiated by the rising edge of a START pulse. 
As long as this pulse is high, the internal logic is reset. 

The sampling interval starts with the following CLK rising 
edge after a START falling edge and ends on the falling edge 
of CLK. The conversion starts and EOC goes low. The sam¬ 
pling clock is at least one half CLK period wide. Each bit 
conversion in the successive approximation process takes 1 
CLK period. On the rising edge of the ninth CLK pulse, the 
digital output of the conversion is updated on the outputs 
DB0-DB7 and EOC goes high indicating the conversion is 
done and data on DB0-DB7 is valid. 

One feature of the ML2252 and ML2259 is that the data is 
double buffered. This means that the outputs DB0-DB7 will 
stay valid until updated at the end of the next conversion and 
will not become Invalid when the next conversion starts. This 
facilitates interfacing with external logic of ptP. 

The signal OE drives the data bus, DB 0 -DB :7 into the 
high impedance state when held low. This allows the 
ML2252 and ML2259 to be tied directly to a fj? system 
bus without any latches or buffers. 
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1.0 FUNCTIONAL DESCRIPTION (Continued) 

1.7.1 Restart During Conversion 1.7.2 Continuous Conversions 

If the A/D is restarted (start goes low and returns high) during In the free-running, continuous conversion mode, the start 

a conversion, the converter is reset and a new conversion is input is tied to the (Figure 7) EOC output. An initialization 

started. The output data latch is not updated if the conversion pulse, following power-up, of momentarily forcing a logic 

in process is not allowed to be completed. EOC will remain high level is required to guarantee operation, 

low and the output data latch is not updated. 



Figure 7. Continuous Conversion Mode 


2.0 TYPICAL APPLICATIONS 


Vcc (5 Vdc) 



Figure 8. Protecting the Input Figure 9. Operating with Ratiometric Transducers 15% 

of Vcc< VxDR< 857 o of Vcc 
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ORDERING INFORMATION 


PART NUMBER 

TOTAL 

UNADJUSTED ERROR 

TEMPERATURE 

RANGE 

PACKAGE 

TWO ANALOG INPUTS, 20-PIN PACKAGE 

ML2252BMJ 

+ V 2 LSB 

-55°Cto+125°C 

HERMETIC DIP 020) 

ML2252BIJ 


-40°Cto+85°C 

HERMETIC DIP 026 ) 

ML2252BCP 


0°Cto+70°C 

MOLDED DIP (P20) 

ML2252BCQ 


0°Cto+70°C 

MOLDED PCC (Q20) 

ML2252CIJ 

±1LSB 

-40°Cto+85°C 

HERMETIC DIP 020) 

ML2252CCP 


0°Cto+70°C 

MOLDED DIP (P20) 

ML2252CCQ 


0°Cto+70°C 

MOLDED PCC (Q20) 


EIGHT ANALOG INPUTS, 28-PIN PACKAGE 


ML2259BMJ 

±V 2 LSB 

-55°Cto +125°C 

HERMETIC DIP 028) 

ML2259BIJ 


-40°Cto+85°C 

HERMETIC DIP 028) 

ML2259BCP 


0°Cto+70°C 

MOLDED DIP (P28) 

ML2259BCQ 


0°C to +70°C 

MOLDED PCC (Q28) 

ML2259CIJ 

±1LSB 

-40°Cto+85°C 

HERMETIC DIP 028) 

ML2259CCP 


0°Cto+70°C 

MOLDED DIP (P28) 

ML2259CCQ 


0°Cto +70°C 

MOLDED PCC (Q28) 
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fiP Compatible 8-Bit A/D Converter 
with 8-Channel Multiplexer 


GENERAL DESCRIPTION 

The ML2258 combines an 8-bit A/D converter, 8-channel 
analog multiplexer, and a microprocessor compatible 8-bit 
parallel interface and control logic in a single monolithic 
CMOS device. 

Easy interface to microprocessors is provided by the 
latched and decoded multiplexer address inputs and 
latched three-state outputs. 

The device is suitable for a wide range of applications from 
process and machine control to consumer, automotive, 
and telecommunication applications. 

The ML2258 is an enhanced pin compatible second 
source for the industry standard ADC0808/ADC0809. The 
ML2258 enhancements are faster conversion time, true 
sample and hold function, superior power supply rejec¬ 
tion, wider reference range, and a double buffered data 
bus as well as faster digital timing. All parameters are 
guaranteed over temperature with a power supply voltage 
of5V±107o. 


FEATURES 

■ Conversion tirrie 6.6/as 

■ Total unadjusted error ± 1/2LSB or ± 1LSB 

■ No missing codes 

■ Sample and hold 390ns acquisition 

■ Capable of digitizing a 5V, 50kHz sine wave 

■ 8-input multiplexer 

■ OV to 5V analog input range with single 5V 
power supply 

■ Operates ratiometrically or with up to 5V 
voltage reference 

■ No zero or full scale adjust required 

■ Analog input protection 25mA per input min 

■ Low power dissipation 3mA max 

■ TTL and CMOS compatible digital inputs and 
outputs 

■ Standard 28-pin DIP or surface mount PCC 

■ Superior pin compatible replacement for ADC0808 
and ADC0809 


BLOCK DIAGRAM 

START CLOCK 
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PIN CONNECTIONS 


ML2258 
28-PrN DIP 


A, 

1 

y - 

28 

] IN2 

2 

27 

]lNl 

3 

26 

]lN0 

4 

25 

] ADDRO 

5 

24 

] ADDRl 

6 

23 

] ADDji2 

7 

22 

Iaie' 

8 

21 

3 PB7 

9 

20 

] DB6 

10 

, 19 

] DB5 

11 

i 18 

3 

12 

17 

] DBQ 

■' 13" : ' 

16 

] - Vref 

14 

,15 

] DB2 


jVtL2258 
28-PIN PCC 


IN7L.5 
START [ 6 

EOcfV' 

DB3 [ 8 

OE r 9 


INS IN3 INI 

i IN4 ^ IN2 1 INO 
rh m rn r -i r—1 r—1 
3 2 1 28 27 26 


25 j ADDRO 
24 ]aDDR1 
23']ADDR2 
22 ]aLE = ^ 

21 3db7 
20 "1dB6 


\ 12 13 14 15 16 17 18 f- 
' LJ l—l iJJ Q 'l O LJr ''' L-j ' 
f GND ^ DB2 .f; DB0 | 
4-Vref DBl -Vref DB4: 


PIN DESGRIPTION 

PIN NO. NAME _ FUNCTION 

1 1N3 Analog input 3. 

2 IN4 Analog input 4, . 

3 INS Analog input 5. 

4 IN6 Analog input 6. 

5 IN7 Analog input 7. 

6 START Start of conversion. Active high 

digital input pulse initiates 
conversion. 

7 EOC End of conversion. This output g6es 

low after a START pulse occurs, stays 
low for the entire A/D conversion, 
and goes high after conversion is 
completed. Data on DBQ-DB7 is 
valid on rising edge of EOC and stays 
valid until next EOCTising edge. 

8 DB3 Data output 3. 

9 OE Output enable input. When OE = 0, 

DB0-DB7 are in high impedance 
state; OE = 1, D BO- DB7 are active 
outputs. 

10 CLK Clock. Clock input provides timing 

for A/D converter, S/H, and digital 
interface. 

Ycc Positive supply. 5V±10%. 

12 +Vref Positive reference voltage. 


PiN NO. 

NAME 

FUNCTiON 

13 

GND 

Ground. OV, all analog and digital in- 
putspr outpMts.arp reference tQ this 
point. 

14 

DBl 

Data output ,1 ■■is. i 

15 

DB2 

Data output 2. 

16 

-Vref 

Negative reference voltage. 

17 

DBO 

Data output 0. 

IS : 

DB4 

Data output 4. 

19 

DB5 

Data output 3. 

20 

DB6 

Data output 6. 

21 

DB7 

Data output 7. 

22 

ALE 

Address latch enable. Input to latch 
in the digital address (ADDR2-0) on 
the rising edge of the multiplexer. 

23 . 

ADDRO 

Address input 0 to multiplexer. 

Digital input for selecting analog 
input. 

24 

ADDRl 

Address input 1 to multiplexer. 

Digital input for selecting analog 
input. - 

25 

AbDR2 

Address input 2 to myltiplexer. 

Digital in put for selecting analog 
input. ’ 

26 

INO 

Analog input 0. 

;27 

INI 

Analog input 1. 

i2f 

IN2 

Analog input'2. 
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ABSOLUTE MAXIMUM RATINGS 

(Notel) 


Supply Voltage, V^c. 6.5V 

Voltage 

Logic Inputs.-0.3V to Vcc +0.3V 

Analog Inputs.-0.3V to Vcc +0.3V 

Input Current per Pin (Note 2) . ±25mA 

Storage Temperature.-65°Cto + 150°C 

Package Dissipation 

atTA = 25°C (Board Mount).875m\A/ 

Lead Temperature (Soldering 10 sec.) 

Dual-ln-Line Package (Plastic).260®C 

Dual-In-Line Package (Ceramic).300°C 

Molded Chip Carrier Package 

Vapor Phase (60 sec.).215°C 

Infrared (15 sec.).220°C 


OPERATING CONDITIONS 

Supply Voltage, Vqq .4.5Vd( 2 to 6.3Vdc 

Temperature Range (Note 3)..... Tmin^Ta<Tmax 

ML2258BMJ, ML2258CMJ.-55°Cto -f-125°C 

ML2258BIJ, ML2258BIP 
ML2258BIQ, ML2258C1J 

ML2258CIP, ML2258CIQ.. -40°Cto +85°C 


ELECTRICAL CHARACTERISTICS 

Unless otherwise specified, Ta = Tmin to TmaX/ '^cc= +Vref = 5V± 10%, - Vref = GND and fcLK= T0’24MHz 





ML2258B 

ML2258C 


PARAMETER 

NOTES 

CONDITIONS 

MIN 

TYP 

(NOTE 4) 

MAX 

MIN 

TYP 

(NOTE 4) 

MAX 

UNITS 


Converter and Multiplexer 


Total Unadjusted Error 

5,7 

Vref = Vcc 



±1/2 



±1 

LSB 

+ Vref Voltage Range 

6 


-Vref 


Vcc + 0.1 

“Vref 


Vcc + 0.1 

V 

-Vref Voltage Range 

6 


GND-0.1 


+ Vref 

GND-0.1 


+ Vref 

V 

Reference input Resistance 

5 


14 

20 

35 

14 

20 

28 

kQ 

Analog Input Range 

5,8 


GND-0.1 


Vcc + 0.1 

GND-0.1 


Vcc + 0.1 

V 

Power Supply Sensitivity 

6 

DC 

Vcc = 5V±10% 


±1/32 

±1/4 


±1/32 

±1/4 

LSB 

lOOmVp-p 

lOOkHz Sine on Vco 
V,N = 0 


+ 1/16 



±1/16 


LSB 

Iqff/ Off Channel Leakage 
Current (Note 9) 

5,9 

On Channel = Vcc 

Off Channel = 0V 

-1 



-1 



IJlA 

On Channel = 0V 

Off Channel = Vcc 



1 



1 

IjlA 

Iqn/ On Channel Leakage 
Current (Note 9) 

5,9 

On Channel = 0V 

Off Channel = Vcc 

-1 



-1 



fiA 

On Channel = Vcc 

Off Channel = 0V 



1 



1 

HA 


Digital and DC 


ViN(i)/ Logical "1" Input 
Voltage 

5 


2.0 



2.0 


■ 

V 

V|N(0)/ Logical "0" Input 
Voltage 

5 




0.8 



0.8 

V 

lits|(i). Logical Input 

(iurrent 

5 

< 

z 

II 

< 

R 



. 1 



1 

}iA 

I|N( 0 ), Logical "0" Input 
Current 

5 

V,N = 0V 

-1 



-1 



[lA 

VouKiy Logical "1" 

Output Voltage i 

5 

louT=~2mA 

4.0 



4.0 



V 

VouT(O)/ Logical "0" 

Output Voltage 

5 

louT = 2mA 



0.4 



0.4 

V 

Iqut/ Three-State Output 

5 

VouT=0V 

-1 



-1 



[lA 

Current 


VouT = Vcc 



1 



1 

IjlA 

Icc/ Supply Current 

5 



1.5 

3 


1.5 

3 

mA 
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ELECTRICAL 0HARACTERISTIGS (Continued) 




-- 1 



TYP 



SYMBOL 

PARAMETER 

NOTES 

CONDITIONS 

MIN 

(NOTE 4) 

MAX 

UNITS 


AC and Dynamic Performance Characteristics (Note 10) 


Uco 

Sample and Flold Acquisition 




4 


l/^CLK 

%LK 

Clock Frequency 

5 


100 


10240 

kHz 

tc 

Conversion Time 

5 



67 

67 + 250ns 

l/fcLK 

SNR 

Signal to Noise Ratio 


V,N = 51kHz, 5VSine. 
fcLK = 10.24MHz 

(fsAMPLiNG = 150kHz). Noise is Sum of 
All Nonfundamental Components up 
to 1/2 offsAMPLING 


47 


dB 

THD 

Total Harmonic Distortion 


V,N = 51kHz, 5VSine. 
fcLK= 10.24MHz 

(fsAMPLiNG- 150kHz). THD is Sum of 

2, 3, 4, 5 Harmonics Relative to 
Fundamental 


-60 ; 


dB 

IMD 

Intermodulation Distortion 


V|N = U + fB-U = 49kHz, 2.5V Sine. 
fg = 47.8kHz, 2.5V Sine, 
fcLK= 10.24MHz 

(fsAMPtlNG = 150kHz). IMD is (fA + fg), 

(U- (2fA + (2fA - ^b). (U + 2fB), 

(fA- 2fB) Relative to Fundamental 


-60 


dB 

FR 

Frequency Response 


V|N = 0 to 50kHz. 5V Sine Relative to 
1kHz 


0.1 


dB 

tpc 

Clock Duty Cycle 

6,11 


40 


60 


^EOC 

End of Conversion Delay 

5 

. i . 1 


8 

8-E 250ns 

l/l'cLK 

tws 

Start Pulse Width 

'5 

• - , ■ 

50 



ns 

tss 

Start Pulse Setup Time 

6, 12 

Synchronous Only 

40 



ns 

twALE 

Address Latch Enable Pulse Width 

5 

. 

50 



ns 

ts 

Address Setup 

5 


0 



ns 

tH 

Address Hold 

' 5 


50 



ns 

thl, HO 

Output Enable for DB0-DB7 

6 

Figure 1, Cl = 50pF 



100 

ns 

6 

Figure 1, Cl = 10pF 



50 

ns 

tlH,0H 

Output Disable for DB0-DB7 

6 

Figure 1, Cl = 50pF 



200 ! 

ns 

6 

Figure 1, Cl = lOpF 



100 

ns 

C|N 

Capacitance of Logic Input 




5 


pF 

Cqut 

Capacitance of Logic Outputs 




10 


pF 


Note 1: Absolute maximum ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless 
otherwise specified are measured with respect to ground. 

Note 2: When the input voltage (V||s|) at any pin exceeds the power supply rails (V|n<V“ or Vuvj^V^) the absolute value of current at 
that pin should be limited to 25mA or less. 

Note 3: -55°C to + 125°C operating temperature range devices are 100% tested attemperaiture extremes with worst-case test 
conditions. -40°Cto +85°C operating temperature range devices are 100% tested with temperature limits guaranteed by 100% 
testing, sampling, or by correlation with worst-case test conditions. 

Note 4: Typicals are parametric norm at 25^C. ; 

Note 5; Parameter guaranteed and 100% production tested. 

Note 6: Parameter guaranteed. Parameters not 100% tested are not in outgoing quality level calculation. 

Note 7: Total unadjusted error includes offset, full scale, linearity, multiplexer and sample and hold errors. 

Note 8: For - yRE(:> V||v|{-i-) the digital output code will be 0000 0000..Two on-chip diodes are tied to each analog input which will 
forward conduct for analog input voltages one diode drop below ground or one diode drop greater than the Vcc supply. Be careful, 
during testing at low Vcc levels (4.5V), as high level analog inputs (5V) can cause this input diode to conduct—especially at elevated 
temperatures, and cause errors for analog inputs near full scale. The spec allows lOOmV forward bias of either diode. This means that as 
long as the analog Vi^ or Vrep does not exceed the supply voltage by more than lOOmV, the output code will be correct. To achieve an 
absolute OVqc to SV^c input voltage range will therefore require a minimum supply voltage of 4.900 Vdc over temperature variations, 
initial tolerance and loading. 

Note 9: Leakage current is measured with the clock not switching. 

Note 10: Cl = 50pF, timing measured at 50% point. 

Note I T: A 40% to 60% clock duty cycle range insures proper operation at all clock frequencies. In the case that an available clock has a 
duty cycle outside of these limits, the minimum time the clock is high or the minimum time the cidck is low must be at least 40ns. The 
maximum time the clock can be high or low is 60ju;s. 

Note 12: The conversion start setup time requirement only needs to be satisfied if a conversion must be synchronized to a given clock 
rising edge. If the setup time is not met, start conversion will have an uncertainty of one clock pulse. 
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tiH,CL = 10pF 


tHl.CL = 50pF 
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Figure 1. High Impedance Test Circuits and Waveforms 


TYPICAL PERFORMANCE CURVES 
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Figure 2. Linearity Error vs Fclk 
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TYPICAL PERFORMANCE CURVES (Continued) 



Figure 3. Linearity Error vs Vrep Voltage 



Vref(Vdc) 


Figure 4. Unadjusted Offset Error vs Vrpp Voltage 
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1.0 FUNCTIONAL DESCRIPTION 

1.1 MULTIPLEXER ADDRESSING 

The ML2258 contains an 8-channel single ended analog 
multiplexer. A particular input channel is selected by using 
the address decoder. The relationship between the ad¬ 
dress inputs, ADDR0-ADDR2, and the analog input se¬ 
lected is shown in Table 1. The address inputs are latched 
into the decoder on the rising edge of the address latch 
signal ALE. 


Table 1. Multiplexer Address Decoding 


SELECTED 
ANALOG CHANNEL 

ADDRESS INPUT 

ADDR2 ADDR1 ADDRO 

INO 

0 

0 

0 

INI 

0 

0 

1 

IN2 

0 

1 

0 

IN3 

0 

1 

1 

IN4 

1 

0 

0 

IN5 

1 

0 

1 

IN6 

1 

1 

0 

IN7 

1 

1 

1 


1.2 A/D CONVERTER 

The A/D converter uses successive approximation to per¬ 
form the conversion. The converter is composed of the 
successive approximation register, the DAC and the 
comparator. 

The DAC generates the precise levels that determine the 
linearity and accuracy of the conversion. The DAC is com¬ 
posed of a capacitor upper array and a resistor lower 
array. The capacitor upper array generates the 4 MSB deci¬ 
sion levels while the series resistor lower array generates 
the 4 LSB decision levels. A switch decoder tree is used to 
decode the proper level from both arrays. 

The capacitor/resistor array offers fast conversion, superior 
linearity and accuracy since matching is only required be¬ 
tween 2"^ = 16 elements (as opposed to 2® = 256 elements in 
conventional designs). And since the levels are based on 
the ratio of capacitors to capacitors and resistors to resis¬ 
tors, the accuracy and long term stability of the converter 


is improved. This also guarantees monotonicity and no 
missing codes, as well as eliminating any linearity tem¬ 
perature or power supply dependence. 

The successive approximation register is a digital block 
used to store the bit decisions from the conversion. 

The comparator design is unique in that it is fully differen¬ 
tial and auto zeroed. The fully differential architecture pro¬ 
vides excellent noise immunity, excellent power supply 
rejection, and wide common mode range. The compara¬ 
tor is auto zeroed at the start of each conversion in order 
to remove any DC offset and full scale gain error, thus im¬ 
proving accuracy and linearity. 

Another advantage of the capacitor array approach used 
in the ML2258 over conventional designs is the inherent 
sample and hold function. This true S/H allows an accu¬ 
rate conversion to be done on the input even if the analog 
signal is not stable. Linearity and accuracy are maintained 
for analog signals up to 1/2 the sampling frequency. As a 
result, input signals up to 75kHz can be converted without 
degradation in linearity or accuracy. 

The sequence of events during a conversion is shown in 
Figure 5. The rising edge of a START pulse resets the in¬ 
ternal registers and the falling edge initiates a conversion 
on the next rising edge of CLK. Four CLK pulses later, sam¬ 
pling of the analog input begins. The input is then sampled 
for the next four CLK periods until EOC goes low. EOC 
goes low on the rising edge of the 8th CLK pulse indicating 
that the conversion is now beginning. The actual conver¬ 
sion now takes place for the next 56 CLK pulses, one bit 
for each 7 CLK pulses. After the conversion is done, the 
data is updated on DB0-DB7 and EOC goes high on the 
rising edge of the 67th CLK pulse, indicating that the 
conversion has been completed and data is valid on 
DB0-DB7. The data will stay valid on DB0-DB7 until the 
next conversion updates the data word on the next rising 
edge of EOC. 

A conversion can be interrupted and restarted at any time 
by a new START pulse. 
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Figure 5. Timing Diagram 
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1.0 FUNCTIONAL DESCRIPTION (Continued) 


1.3 ANALOG INPUTS AND SAMPLE/HOLD 

The ML2258 has a true sample and hold circuit which 
samples both the selected input and ground simultane¬ 
ously. This simultaneous sampling with a true S/H will give 
common mode rejection and AC linearity performance 
that is superior to devices where the two input terminals 
are not sampled at the same instant and where true sample 
and hold capability does not exist. Thus, the ML2258 can 
reject AC common mode signals from DC-SOkHz as well 
as maintain linearity for signals from DC-50kHz. 

The plot below (Figure 6) shows a 2048 point FFT of the 
ML2258 converting a 50kHz, 0 to 5V, low distortion sine 
wave input. The ML2258 samples and digitizes, at its 
specified accuracy, dynamic input signals with frequency 
components up to the Nyquist frequency (one-hal^he 
sampling rate). The output spectra yields precise measure¬ 
ments of input signal level, harmonic components, and 
signal to noise ratio up to the 8-bit level. The near ideal 
signal to noise ratio is maintained independent of increas¬ 
ing analog input frequencies to 50kHz. 

The signal at the analog Input is sampled during the inter¬ 
val when the sampling svyitch is open prior to conversion 
start. The sampling window (S/H acquisition time) Is 4 CLK 
periods long and occurs 4 CLK periods after START goes 
low. When the sampling switch closes at the start of the 
S/H acquisition time, 8pF of capacitance is thrown onto 
the analog input. 4 CLK periods later, the sampling switch 
opens, the signal present at analog input is stored and con¬ 
version starts. Since any error on the analog input at the 
end of the S/H acquisition time will cause additional con¬ 
version error, care should be taken to insure adequate set¬ 
tling and charging time from the source. If more charging 
or settling time is needed to reduce these analog input er¬ 
rors, a longer CLK period can be used. 


The ML2258 has improved latchup immunity. Each analog 
input has dual diodes to the supply rails, and a minimum 
of ±25mA (± 100mA typically) can be injected into each 
analog input without causing latchup. 

1.4 REFERENCE 

The voltage applied to the -I-Vr£f and -Vref 'f^puts de¬ 
fines the voltage span of the analog input (the difference 
between Vinmax and Vjnmin) over which the 256 possible 
output codes apply. The devices can be used in either ra- 
tiometric applications or in systems requiring absolute ac¬ 
curacy. The reference pins must be connected to a voltage 
source capable of driving the reference input resistance, 
typically 20k. 

In a ratiometric system, the analog input voltage is propor¬ 
tional to the voltage used for the A/D reference. This volt¬ 
age is typically the system power supply, so the +Vref pin 
can be tied to Vcc and - Vref tied to GND. This technique 
relaxes the stability requirements of the system reference 
as the analog input and A/D reference move together 
maintaining the same output code for a given input 
condition. 

For absolute accuracy, where the analog input varies be¬ 
tween specific voltage limits, the reference pins can be 
biased with a time and temperature stable voltage source. 

In contrast to the ADC0808 and ADC0809, the ML2258 
-Vref and +Vref reference values do not have to besym- 
metric around one half of the supply, -f Vref and - Vref 
can be at any voltage between Vcc and GND. In addition, 
the difference between + Vref and “Vref can be set to 
small values for conversions over smaller voltage ranges. 
Particular care must be taken with regard to noise pickup, 
circuit layout and system error voltage sources when 
operating with a reduced span due to the increased 
sensitivity of the converter. 



FREQUENCY (kHz) 

Figure 6. Output Spectrum 


2-106 


£1^ Micro Linear 







ML2258 


1.0 FUNCTIONAL DESCRIPTION (Continued) 


1.5 POWER SUPPLY AND REFERENCE DECOUPLING 

A 10/xF electrolytic capacitor is recommended to bypass 
Vcc to CND, using as short a lead length as possible. In 
addition, with clock frequencies above 1MHz, a 0.1/iF 
ceramic disc capacitor should be used to bypass Vcc to 
GND. 

If REF+ and REF- inputs are driven by long lines, they 
should be bypassed by 0 . 1 /iF ceramic disc capacitors at 
the reference input pins (pins 12 , 16). 

1.6 DYNAMIC PERFORMANCE 
Signal-to-Noise Ratio 

Signal-to-noise ratio (SNR) is the measured signal to noise 
at the output of the converter. The signal is the rms magni¬ 
tude of the fundamental. Noise is the rms sum of all the 
nonfundamental signals up to half the sampling frequency. 
SNR is dependent on the number of quantization levels 
used in the digitization process; the more levels, the 
smaller the quantization noise. The theoretical SNR for a 
sine wave is given by 

SNR=(6.02N + 1.76)dB 

where N is the number of bits. Thus for ideal 8 -bit con¬ 
verter, SNR = 49.92dB. 

Harmonic Distortion 

Harmonic distortion is the ratio of the rms sum of harmon¬ 
ics to the fundamental. Total harmonic distortion (THD) of 
the ML2258 is defined as 


where is the rms amplitude of the fundamental and V 2 , 
V 3 , V 4 , V 5 are the rms amplitudes of the individual 
harmonics. 


Intermodulation Distortion 

With inputs consisting of sine waves at two frequencies, fA 
and fB, any active device with nonlinearities will create 
distortion products, of order (m - 1 - n), at sum and difference 
frequencies of mfA + nfe, where m,n = 0, 1, 2, 3,.... Inter¬ 
modulation terms are those for which m or n is not equal 
to zero. The ML2258 (IMD) intermodulation distortion 
specification includes the second order terms (fA + ^s) arid 
(fA-fe) and the third order terms ( 2 fA + fB)/ ( 2 fA-fB)/ 

(fA + 2 fB) and (fA- 2 fB) only. 

1.7 DIGITAL INTERFACE 

The analog inputs are selected by the digital addresses, 
ADDR0-ADDR2, and latched on the rising edge of ALE. 
This is described in the Multiplexer Addressing section. 

A conversion is initiated by the rising edge of a START 
pulse. As long as this pulse is high, the internal logic is 
reset. 

The sampling interval starts with the 4th CLK rising edge 
after a START falling edge and ends on the 8 th rising edge 
of CLK, 4 CLK periods later. On the rising edge of the 8 th 
CLK pulse, the conversion starts and EOC goes low. 

Each bit conversion in the successive approximation proc¬ 
ess takes 7 CLK periods. On the rising edge of the 64 CLK 
pulse, the digital output of the conversion is updated on 
the outputs DB0-DB7. On the rising edge of the 65th CLK 
pulse, EOC goes high indicating the conversion is done 
and data on DB0-DB7 is valid. 

One feature of the ML2258 over conventional devices is 
that the data is double buffered. This means that the out¬ 
puts DB0-DB7 will stay valid until updated at the end of 
the next conversion and will not become invalid when the 
next conversion starts. This facilitates interfacing with ex¬ 
ternal logic of/iP. 

The signal OE drives the data bus, DB0-DB7, into the high 
impedance state when held low. This allows the ML2258 
to be tied directly to a /iP system bus without any latches 
or buffers. 
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2.0 TYPICAL APPLICATIONS 


Vcc (5Vdc) 



Figure?. Protecting the Input Figured. Operating with Ratiometric Transducers 15% 

^CC — ^XDR — of ^CC 
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ORDERING INFORMATION 


PART NUMBER 

ALTERNATE 

PART NUMBER 

TOTAL 

UNADJUSTED ERROR 

TEMPERATURE 

RANGE 

PACKAGE 

ML2258BMJ 

ML2258Blj 

ML2258BIP 

ML2258BIQ 

ADC0808CJ 

ADC0808CCj 

ADC0808CCN 

ADC0808CCV 

±1/2LSB 

-55°Cto-h125°C 
-40°Cto-f-85°C 
-40°Cto -f 85°C 
-40°Cto +85°C 

Hermetic DIP (J20) 
Hermetic DIP 020) 
Molded DIP (P20) 
Molded PCC (Q20) 

ML2258Clj 

ML2258CIP 

ML2258CIQ 

ADC0809CCN 

ADC0809CCV 

±1LSB 

-40°Cto-h85°C 
-40°Cto +d5°C 
-40°Cto+85°C 

Hermetic DIP 020) 
Molded DIP (P20) 
Molded PCC (Q20) 
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//P Compatible High-Speed 8-B^ 
A/D Converter with T7H (S/H) 


GENERAL DESCRIPTION 

The ML2261 is a high-speed, n? compatible 8-bit A/D 
converter with a conversion time of 670ns over the 
operating temperature range and supply voltage 
tolerance. The ML2261 operates from a single 5V 
supply and has an analog input range from GND to 
Vcc- 

The ML2261 has two different pin selectable modes. 
The T/H mode has an internal track and hold. The S/H 
mode has a true internal sample and hold and can 
digitize 0 to 5V sinusoidal signals as high as 500kHz. 
Timing is compatible with the AD7821. 

The ML2261 digital interface has been designed so that 
the device appears as a memory location or I/O port 
to a n?. 

The ML2261 is an enhanced, pin compatible second 
source for the Industry standard ADC0820 and AD7820. 
The ML2261 enhancements are faster conversion time, 
parameters guaranteed over the supply tolerance and 
temperature range, improved digital interface timing, 
superior power supply rejection, and better latchup 
immunity on analog inputs. 


FEATURES 

■ Conversion time, WR-RD mode over temperature 
and supply voltage tolerance 

Track & Hold Mode ... 850ns max 

Sample & Hold Mode .. 700ns max 

■ Total unadjusted error . ±1/2 LSB or ±1 LSB 

■ Digitizes a 5V, 250kHz sine wave to 8-bit accuracy 

■ No missing codes 

■ OV to 5V analog input range with single 5V power 
supply 

■ No zero or full scale adjust required 

■ Analog input protection . . 25mA min 

■ Operates ratiometrically or with up to 5V voltage 
reference 

■ No external clock required 

■ Easy interface to n?, or operates stand alone 

■ Power-on reset circuitry 

■ Low power .... . 75mW 

■ Standard 20-pin DIP or surface mount PCC 

■ Superior pin compatible replacement for ADC0820 
andAD7820 


BLOCK DIAGRAM 


PIN CONNECTIONS 


Vcc 
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PIN DESCRIPTION 


PIN NO. 

1 

2 

" 3 

4 

5 

6 


7 


8 


9 


NAME 

FUNCTION 

PIN NO. 

NAME 

FUNCTION 

VlN 

Analog input. 

10 

GND 

Ground. 

DBO 

Data output — bit 0 (LSB). 

11 

-Vref 

Negative reference voltage for 

DB1 

DB2 

Data output — bit 1. 

Data output — bit 2. 

12 

+Vref 

A/D converter. 

Positive reference voltage for 

DB3 

Data output — bit 3. 

13 


A/D converter. 

Chip select input. This pin must 

WR/RDY 

Write input or ready output. In 
WR-RD mode, this pin is WR 
input. In RD mode, this pin is 

RDY open drain output. See 

14 

DB4 

be held low for the device to 
perform a conversion. 

Data output — bit 4. 


Digital Interface section. 

15 

DBS 

Data output — bit 5. 

MODE 

Mode select input. 

16 

DBO 

Data output — bit 6. 


MODE = GND: RD mode 

17 

DB7 

Data output — bit 7 (MSB). 


MODE = Vcc: WR-RD mode 

Pin has internal current source 

18 

~6K 

Overflow output. This output 

m 

pulldown to GND. 

Read input. In RD mode, this 
pin initiates a conversion. In 
WR-RD mode, this pin latches 

19 

SH/TH 

goes low at end of conversion 

If V|N is greater than 
+VreF “ V 2 LSB. 

S/H, T/H mode select. When 

m 

data Into output latches. See 

Digital Interface section. 

Interrupt output. This output 
signals the end of a conversion 
and Indicates that data is valid 
on the data outputs. See Digital 
Interface section. 

20 

Vcc 

SH/TH = Vcc/ the device is in 
sample and hold mode. When 
SH/TH = GND, the device is in 
track and hold mode. Pin has 
internal pulldown current 
source to GND. 

Positive supply. +5 volts ± 5%. 


ABSOLUTE MAXIMUM RATINGS 

(Note 1) 


Supply Voltage, V^c . 6.5V 

Voltage 

Logic Inputs .. -0.3V to Vcc + 0-3V 

Analog Inputs . -0,3V to Vcc 0.3V 

Input Current per Pin {Note 2) . ±25mA 

Storage Temperature . -65®C to +150°C 

Package Dissipation 

at Ta = 25X (Board Mount) . 875mW 

Lead Temperature (Soldering 10 sec.) 

Dual-ln-Line Package (Plastic) .. 260®C 

Dual-ln-Line Package (Ceramic) . 300°C 

Molded Chip Carrier Package 

Vapor Phase (60 sec.) . 215®C 

Infrared (15 sec.) .. 220°C 


OPERATING CONDITIONS 

Supply Voltage, Vcc .. 4.5 Vdc fo O.OV^c 

Temperature Range (Note 3) . T^in — Ta ^ T^ax 

ML2261BIJ, ML2261Clj . -40°C to +85°C 

ML2261BCQ, ML2261CCQ 

ML2261BC8 ML2261CCP ..... 0°C to +70°C 
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ELECTRICAL CHARACTERISTICS 

Unless otherwise specified, Ta = Tmin to TmaX/ Vcc = +Vref = 5V ± 5%, and -Vref = GND 
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ML2261XCX 

ML2261XIX 


. 

PARAMETER 

NOTES 

CONDITIONS 

MIN 

TVP 

(Note 4), 

MAX 

MIN 

TVP 

(Note 4) 

MAX 

UNITS 


Converter 


Total Unadjusted Error 
ML2261BXX 

ML2261CXX 

5, 7 

< 

m 

II 

< 



±1/2 

±1 



±1/2 

±1 

LSB 

LSB 

+Vref Voltage Range 

6 


-Vref 


Vcc+01 

-Vref 


Vcc^tl.l 

V 

-Vref Voltage Range 

■ 6 ^ 


GND-0.1 


> 

+ 

GND-0.1 


< 

m 

V 

Reference Input 

Resistance 

5 


1 

2 

^3 i 

1 

2 

3 

kn 

Analog Input Range 

5, 8 


GND-0.1 


Vcc'^O-t 

GND-0.1 


Vcc+0.1 

V 

Power Supply Sensitivity 

5 

DC 

Vcc = 5V ± 5%, Vref = 4.75V 


• ±1/32 

±1/4 


±1/32 

±1/4 

LSB 



100mVp-p 

100kHz sine on V^q 

V|N = 0 


±1/16 



±1/16 


LSB 

Analog Input Leakage 
Current 

5, 9 

Converter Idle 

-1 

' 

+1 ^ 

-1 


+1 

M 

Analog Input Capacitance 


During Acquisition Period 


45 



45 


PF 


Digital and DC 


V|rM(i), Logical "V Input 

5" 

TO, 'm, o 

2.0 



2.0 



1 V ■ 

Voltage 

MODE, SH/TH 

Vcc-0.5 



Vcc-0.5 



V' 

V|N( 0 )/ Logical "0" Input 

""■5 

TO,m,^ 



0.8 



0.8 

i’ V 

Voltage 

MODE, SH/TH 



0.5 



,0.5 

..V - 

l|N(i)/ Logical "V 

5 

V|H = Vcc 

TO, RD,^ ' 



1 



1 

M 

Input Current 

MODE, SH/TH 

15 

50 

150 

15 

50 

150 

. //A 

liN( 0 ), Logical "0" 

5 

V|E = GND 

TO,M,^ 

-1 



-1 



//A 

Input Current 

MODE, SH/TH 

-20 



-20 



fjA 

VouT(i)/ Logical "V' 

Output Voltage 

5 

•out = -2mA 

4.0 



4.0 



V 

VouT(O)/ Logical "0" 

Output Voltage 

5 

Iqut 2mA 



0.4 



0.4 

V 

IquT/ Three-State Output 

5 

VouT = OV 

-1 



-1 




Current 

VoUT = Vcc 



1 



'I'- 

M 

CouT/ Logic Output 
Capacitance 




5 



5, ^ 


pF 

C|N, Logic Input 
Capacitance 




5 



5 


pF 

Ico Supply Current 

5. 

^ = TO=l^ = ''r' 

No Output Load 


8 

14 


8 

15.5 

mA 
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ELECTRICAL CHARACTERISTICS (Continued) 

Unless otherwise specified, = Tmin to ^MAXf Vcc = +Vref = 5V ± 5%, -Vref = GND, and timing measured at 1.4V, 
Cl = lOOpF. 





ML2261XCX 

ML2261XIX 


PARAMETER 

NOTES 

CONDITIONS 

MIN 

TYP 

(Note 4) 

MAX 

MIN j 

TYP 

(Note 4) 

MAX 

UNITS 


AC and Dynamic Performance (Note 9) 


tcRD/ Conversion Time, 
Read Mode 

5 

RD to INT, MODE = OV 



1060 



1100 

ns 

tcwR-RD/ Conversion Time, 
Write-Read Mode 

5, 9 

WR Falling 
Edge to INT, 
tRD < t|NT, 

MODE = '^cc 

SH/TH=Vcc 


650 

700 


690 

740 

ns 

SH/TH=GND 



850 



920 

ns 

SNR, Signal to Noise Ratio 


V,N = 5V, 250kHz 

Noise is sum of all 
nonfundamental 
components 
from 0-500kHz. 

SH/TH = Vco MODE = Vqc 
fsAMPLING = 

■ ■ ' 

48 

' 



48 

' 

' 

dB 

HD, Harmonic Distortion 

, 


V,N = 5V, 250kHz 

THD is sum of 2-5th 
harmonics relative to 
fundamental. 

SH/TH = Vco mode = Vcc 
fsAMPLING = 1 MHz 


-63 ; 

■ 



-63 


dB 

IMD, Intermodulation 
Distortion 


fa = 2.5V, 250kHz 
fb p 2.5V, 248kHz 

IMB is (fa + fb), (fa - fb), 

( 2 fa + fb), ( 2 fa - fb), 

(fa + 2 fb), or (fa - 2 fb) 
relative to fundamental. 
SH/TH = Vco mode = Vcc 
fsAMPLING = 1 MHz 

■ • J 

-60 

- 



-60 


dB 

FR, Frequency Response 


V,N = 5V, 0-250kHz 

Relative to 1kHz 

SH/TH = Vco mode = Vcc 
fsAMPLING = MHz 


± 0.1 



± 0.1 


dB 

SR, Slew Rate Tracking 

6 

SH/TH = Vcc 



4.0 



4.0. • 

V/fjs 

SH/TH = GND 



.25 



.25 

V///S 


AC Performance Read Mode (Pin 7 = OV), Figure 2 


tRDY/ CS to RDY Delay 


--^-^ 

0 


65 

0 

-n 

70 

ns 

Trdd/ RD Low to 

RDY Delay 

5, 10 

Figure 1 



1060 


1 

1100 1 

ns 

tcssr CS to RD, WR 

Setup Time 

5 


0 



0 

' ! 


ns 

tcsH/ CS to RD, WR 

Hold Time 

5 

..1 

0 



0 



ns 

tcRD/ Conversion Time — 
RD Low to INT Low 

5, 10 

_^^^_ 



1060 



1100 

ns 


jS^Micro Linear 


2-113 





ML2261 


ELECTRICAL CHARACTERISTICS (Continued!. 

Unless otherwise specified; Tx - Tmin fo ^maX/ Vcc = >Vref ^ 5V ± 5%, -Vref “ CND, and timing measured at 1;4V, 
CL = 100pF 
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PARAMETER 

NOTES 

CONDITIONS 

MIN 

TYP 

(Note 4) 

MAX 

1 

^ ■' ,! 

MIN 

TYP 

(Note 4) 

MAX 

UNITS 


AC Performance Read Mode (Pin 7 = OV), Figure 2 (Continued) 


tAcGb/ Data Access Time 

RD to Data Valid 

5 


tcRD 


tCRD‘‘'30 

- ^—1 

tcRD 


tCRD+^O 

ns 

tRDPW/ RD Pulse Width 

5 


tcRD+30 



tCRD+30 



ns 

tiisiTH/ RD to INT Delay 

5, 10 


0 


65 

0 


70 

ns 

tpH; Data Ffold Time — 

RD Rising Edge to Data 
High Impedance State 

6 , 10 

Figure 1 

0 


50/ 

0 


60 

ns 

tp, Delay Time Between 
Conversions — INT Low 
to RD Low 

5, 10 

Sample & Hold Mode, 

SH/TH = Vcc 

300 



325 



ns 

Track & Hold Mode, 
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AC Performance Write-Read Mode (Pin 7 = 5V), Figures 3 and 4 
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Note 1: Absolute maximum ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless otherwise 
specified are measured with respect to ground. 

Note 2: When the voltage at any pin exceeds the power supply rails (Vi^ < GND or V,N > V^c) the absolute value of current at that pin 
should be limited to 25mA or less. 

Note 3: 0°C to +70°C and -40°C to +85°C operating temperature range devices are 100% tested with temperature limits guaranteed by 100% 

testing, sampling, or by correlation with worst-case test conditions. 

Note 4: Typicals are parametric norm at 25°C. 

Note 5: Parameter guaranteed and 100% production tested. 

Note 6: Parameter guaranteed. Parameters not 100% tested are not in outgoing quality level calculation. 

Note 7: Total unadjusted error includ es o ffset, full scale, linearity, and sample and hold errors. Total unadjusted error is tested a t the 

minimum specified times for WR, RD, t^i, and tp. For example, for the ML2261XCX in the sample and hold mode, WR/RD mode: twR = 
170ns, tRQ = 275ns with a frequency of 1.00MHz (cycle time of 1000ns). 

Note 8: For -Vref — ^in the digital output code will be 0000 0000. Two on-chip diodes are tied to the analog input which will forward conduct 
for analog input voltages one diode drop below ground or one diode drop greater than the Vcc supply. Be careful, during testing at 
low Vcc levels (4.5V), as high level analog inputs (5V) can cause this input diode to conduct — especially at elevated temperatures, and 
cause errors for analog inputs near full scale. The spec allows lOOmV forward bias of either diode. This means that as long as the analog 
V||sj or Vrff does not exceed the supply voltage by more than lOOmV, the output code will be correct. To achieve an absolute OVqc to 
5V0C input voltage range will therefore require a minimum supply voltage of 4.900Vqc over temperature variations, initial tolerance and 
loading. 

Note 9: Conversion time, write-read mode = twR + + t^i. 

Note 10: Defined from the time an output crosses 0.8V or 2.4V. 
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Figure 1. High Impedance Test Circuits and Waveforms 


Micro Linear 


2-115 






ML2261 



* IN SAMPLE & HOLD MODE A PULL UP RESISTOR 
ON RDY SHOULD NOT BE USED UNLESS 
CSl IS > 20ns BEFORE RDl. 


Figure 2. RD Mode Timing Figure 4. WR-RD Mode Timing (t^D < hmi) 




Figure 3. WR-RD Mode Timing (Ird > tiNTt) Figure 5. WR-RD Mode Stand-Alone Timing CS = RD = 0 
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1.0 FUNCTIONAL DESCRIPTION 

The ML2261 uses a two stage flash technique for A/D 
conversion. This technique first performs a 4 bit flash 
conversion on V|n to determine the 4 MSB's. These 
4 MSB's are then cycled through an internal DAC to 
recreate the analog input. This reconstructed analog 
input signal from the DAC is then subtracted from the 
input, and the difference voltage is converted by a 
second 4 bit flash conversion, providing the 4 LSB's of 
the output data word. An additional overrange function 
detects if V|n is greater than +Vref ~ V 2 LSB. 

1.1 ANALOG INPUT 

The analog input on the ML2261 behaves differently 
than inputs on conventional converters. The analog 
input current requirements change while the 
conversion Is in progress, and the amount of input 
current depends on what cycle the converter is in. 

The equivalent input circuit for the converter Is shown 
in Figu re 6 . When the conversion starts in the T/H 
mode (WRi in the WR-RD mode or RDl in the RD 
mode) S1, S4 and S6 close and S3 opens. This period is 
known as the acquisition period where the MSB flash 
converter tracks the input signal and the LSB flash 
converter samples it. During this period, V|n is 
connected to the 16 MSB and 15 LSB comparators. 

Thus 38 pF of input capacitance must be charged up 
through the combined Rqn resistance of the internal 
analog switches plus any external source resistance, Rs- 
In addition, there is a stray capacitance of approximately 
11 pF that needs to be charged through the external 
source resist ance Rs- This period ends in the WR-RD 
mode when WRI or by an Internal timer in the RD 
mode. At this point SI and S4 open and the analog 
input at V||s| is no longer being sampled; thus during 
this time the analog voltage on V|n does not affect 
converter performance. 
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Figure 6. Converter Equivalent Input Circuit 


As shown above, the critical period for charging up the 
analog input occurs when the MSB and LSB 
comparators are sampling the input, known as the 
acquisition period. The source of the external signal on 
V||si must adequately charge up the analog voltage 
during the acquisition period. To do this, the input 
must settle within the required analog accuracy 
tolerance at least 50ns before the end of the acquisition 
period so that the MSB comparators have adequate 
time to make the correct decision. If more time is 
needed due to finit e cha rging or settling time of the 
external source, the WR low period can be extended in 
WR-RD mode. In RD mode, since the acquisition time 
is fixed by Internal delays, the burden is on the external 
source to charge up and settle the input adequately. 

When the ML2261 operates in the S/H mode (pin 19 = 
Vcc) both the MSB and the LSB flash converter perform 
a true sample and hold operation during the 
acquisition or sam pling period. This period starts after 
th e fal ling edge of INT and ends with the falling e dge 
of WR in the WR-RD mode or the falling edge of RD in 
the RD mode. The duration of this period is user 
controlled and must satisfy a minimum of tp. 

During this period SI, S3, S4 and S6 close, therefore 46 
pF of input capacitance must be charged up in addition 
to the 11 pF of stray capacitance. 

1.2 TRACK AND HOLD vs. SAMPLE AND HOLD 

The MSB Flash Converter of the ML2261 in T/H mode 
has a track and hold mechanism for sampling the input. 
The input is attached to the MSB comparators directly 
in the MSB compare cycle, or acquisition period. When 
the MSB compare cycle ends, the state of the MSB 
comparators is latched. The LSB Flash Converter always 
performs a S/H operation. Thus, the analog input signal 
can be changing during the MSB compare cycle, or 
acquisition period, and the MSB comparators will be 
tracking It as long as the slew rate of the analog input 
is slow enough so that the MSB comparators can 
respond. The ML2261 can track and hold signals with 
slew rates as high as .25V/yus (16kHz @ 5 volts) without 
sacrificing conversion accuracy. 

The ML2261 in S/H mode does not have the slew rate 
limitation of the T/H mode since an internal sample and 
hold acquires the analog signal, holds it internally, and 
then performs a conversion. Since this is a true sample 
and hold function, the S/H mode can theoretically 
digitize signals of frequencies much higher than the 
T/H mode. The ML2261 in S/H mode can digitize 
signals of frequencies as high as 250kHz @ 5V (slew 
rates as high as 4 V//ts) without sacrificing conversion 
accuracy. In most applications, the S/H mode is more 
desirable than T/H mode because of the better dynamic 
performance. 
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1.2.1 CONVERTER — T/ H MODE 

The operating sequence for the WR-RD mode is 
illustrated in Figure 7a . Init ially, the internal comparators 
are auto-zeroed while WR is h igh. A conv ersio n is 
initiated by the falling edge of WR. While WR is low, 
the MSB comparators are tracking the analog input and 
comparing this voltage against voltages from the 
internal resistor ladder. At the same time, the Input is 
being acquire d of sampled by LSB comparators. On the 
rising edge of WR, the MSB comparator results are 
latched, and the LSB acquisition time is ended by 
closin g the sampling switch to the LSB comparators. 
While WR is high, the LSB comparators then compare 
the residual input voltage against internal voltages from 
the resistor ladder to determine the 4 LSB's . Wh en the 
LSB comparison or conversion Is complete, I NT goes 
low and latches the conversion result into the output 
latc hes. Then, the comparators are auto-zeroed while 
WR is high before another conversion can start. 

The operating sequence for RD mode, is similar to that 
described above for the WR-RD mode, except the 
conversion is initiated by the falling edge of RD, and 
the MSB and LSB conversions are generated by internal 
clock edges that are generated while RD is low. 


1.2.2 CONVERTER — S/H MODE 

The operating sequence for S/H mode is illustrated in 
Figure 7b. Notice that it is similar to T/H mode 
described above except this mode has a tr ue sample 
and hold function. The falling edge of INT closes the 
sampling switch and starts the acquisition period where 

the analog input is sampled at the same time all _ 

comparators are auto-zeroed. The falling edge of WR 
opens the Internal sampling switch, ends the acquisition 
period, and starts the conversion on the internally 
sample and held sig nal. T he MSB comparators make 
thei r decisions while WR Is low. On the rising edge of 
WR, the MSB comparator results are la tched . The LSB 
comparators make their decision when WR is high. 
Wh en the LSB comparison or conversion Is complete, 
INT goes low and latches the conversion result into the 
output buffers. Then, the acquisition period begins 
again and the converter is ready for the next 
conversion. 

The operating sequence for the RD mode is the same 
as the WR-RD mode, except the conversion is initiated 
by the falling edge of RD, and the MSB and LSB 
conversions are generated by internal clock edges that 
are generated while RD is low. 
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Figure 7. Operating Sequence (WR-RD Mode) 
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1.3 REFERENCE 

The +Vref and -Vref inputs are the reference voltages 
that determine the full scale and zero input voltages, 
respectively, for the A/D converter. Thus, +Vref defines 
the analog input which produces a full scale output and 
-Vref defines the analog input which produces an 
output code of all zeroes. The transfer function for the 
A/D converter is shown in Figure 8. 

+Vref and -Vref can be set to any voltage between GND 
and Vcc- This means that the reference voltages can be 
offset from GND and the difference betweeri +Vref+ and 
-Vref- can be made small to increase the resolution of 
the conversion. Note that the total unadjusted error 
increases when [+Vref (-Vref)] decreases. 


OUTPUT 

CODE FULL SCALE 



Figure 8. A/D Transfer Characteristic 

1.4 POWER SUPPLY AND REFERENCE DECOUPLING 

A O.lyuF ceramic disc capacitor is recommended to 
bypass Vcc to GND, using as short a lead length as 
possible. 

If REF+ and REF- inputs are driven by long lines, they 
should be bypassed by 0.1/iF ceramic disc capacitors at 
the reference input pins. 

1.5 DYNAMIC PERFORMANCE 
1.5.1 SINUSOIDAL INPUTS 

Since the ML2261 has an internal sample and hold, the 
device can digitize high frequency sinusoids with little 
or no signal degradations. Using the Nyquist criteria, 
the highest frequency input to the converter could 
theoretically be 1/2 the sampling rate (fg). Any frequency 
components above fs/2 will be aliased below fs/2. In 
most applications, these aliased components cause 
unacceptable distortion and must be filtered out of the 
input. If the input frequency is too close to fs/2, then 
the requirements on the anti-alias filter become difficult 


to impossible to realize with standard component and 
tolerances. In most practical applications, the highest 
input frequency has to be limited to 1/3 to 1/4 of f^ax 
in order to relax the filtering requirements enough to 
make a realizable anti-alias filter. 

The maximum sampling rate (fmax) the ML2261 in 
the WR-RD mode, (tRo < tiNii) can be calculated as 
follows: 


tWR fRD + tRI tp 

f =___J_ 

170ns + 275ns + 255ns + 300ns 

fmax = 1.00 MHz 

twR = Write Pulse Width 

tRD = Delay Time between WR and RD Pulses 

tRi = RD to I NT Delay 

tp = Delay Time between Conversions 

This permits a maximum sampling rate of 1MHz for the 
ML2261. The dynamic performance specifications (SNR, 
HD, IMD, and FR) for the ML2261 are all specified at 
250kHz, which is approximately 1/4 of the sampling 
rate, fg. 

In applications where aliased frequency components 
are acceptable and filtering of the input signal is not 
needed or where a filter with a steep amplitude 
response is available, the user can apply an input 
sinusoid higher than 250kHz to the device. Note, 
however, that as the input frequency increases above 
500kHz, dynamic performance degradation will occur 
due to the finite bandwidth of the internal sample and 
hold. 

The Figure 9 plots are 4096 point FFT's of the ML2261 
converting a 257kHz and a 491kHz, 0 to 4.5V, low 
distortion sine wave input. The ML2261 samples and 
digitizes at its specified accuracy, dynamic input signals 
with frequency components up to the Nyquist 
frequency (one-half the sampling rate). The output 
spectra yields precise measurements of the input signal 
level, harmonic components, and signal to noise ratio 
up to the 8-bit level. The near ideal signal to noise ratio 
is maintained independent of increasing analog input 
frequencies to 500kHz. 

1.5.2 SIGNAL-TO-NOrSE RATIO 

SIgnal-to-noise ratio (SNR) is the measured signal to 
noise at the output of the converter. The signal is the 
rms magnitude of the fundamental. Noise is the rms 
sum of all the nonfundamental signals up to half the 
sampling frequency. SNR is dependent on the number 
of quantization levels used In the digitization process; 
the more the levels, the smaller the quantization noise. 
The theoretical SNR for a sine wave is given by 

SNR = (6.02N + 1.76) dB 

where N is the number of bits. Thus for ideal 8-bit 
converter, SNR = 49.92 dB. 


j^MIcro Linear 


2-119 






ML2261 


0 

-10 

-20 

-30 

_ -40 
ca 

S -50 

0 -60 
t 

Z -70 


-90 

-100 

-110 

-120 


“SNR 48.4dB 
_HD -62.87dB 
Vcc = Vref = 5.0V 
_Ta = 25°C 


I I r 


I 


I 


200 

FREQUENCY (KHz) 


a) Ouput Spectrum with fiN = 257kHz, fs = IMHz 


-10 h 
-20 


SNR 49.1 dB 
HD -58.33dB . _ 

Vcc = Vref = 5.0V 
LTa = 25°C 




-50 

-60 

-70 

-80 

-90 

-100 

-110 

-120 




f 'Tir' ' ■! 


200 

FREQUENCY (KHz) 


b) Output Spectrum with fusj = 491kHz, fs = IMHz 


Figure 9. Dynamic Performance, Sample and Hold Mode 


1.5.3 HARMONIC DISTORTION 


Harmonic distortion is the ratio of the rms sum of 
harmonics to the fundamental. Total harmonic 
distortion (THD) of the ML2261 is defined as 


20 log = 


(V2^ + V3^ + y 

___ 


where is the rms amplitude of the fundamental and 
V 2 , V3, V 4 , V 5 are the rms amplitudes of the individual 
harmonics. 

1.5.4 INTERMODULATION DISTORTION 

With inputs consisting of sine waves at two frequencies, 
fA and fe, any active device with nonlinearities will 
create distortion products, of order (m + n), at sum and 
difference frequencies of mfA + nfg, where m, n = 0 , 1 , 
2, 3 . . . Intermodulation terms are those for which m 
or n is not equal to zero. The (IMD) Intermodulation 
distortion specification includes the second order terms 
(fA + fe) and (fA - fe) and the third order terms 
( 2 fA + fe), ( 2 fA - fe)/ (fA + 2 fB), and (fA - 2 fB) only. 


1.6 DIGITAL INTERFACE 


The timing for the RD mode is shown in Figure 2 . To 
do a conversion, CS must be low to select the device. 
After CS goes low, the RDY output goes low indicating 

that the device is ready to do a conversion. The __ 

conversion starts on the falling edge of RD. While RD is 
low, the MSB and LSB decisions are made with 
internally generated clock edges. Wh en the conversion 
is complete, RDY goes high and I NT goes low signaling 
the end of the conversion. After INT goes low, the data 

outputs go from high impedance to active state with_ 

valid output data. Data stays valid until either RD or CS 
goes high. When either signal goes high, the outp ut 
data lines return to the high impedance state and INT 
returns high. A pull up resistor on RDY In the sample 
and hold mode will cause clock injection, degrading 
the total unadjusted error, unless GSI is > 20 ns before 
RDi. 

1.6.2 WR-RD MODE 

In t he W R-RD mode, the W R/RD Y pin is configured as 
the WR input. In this mode, WR initiates the 
conversion and RD controls reading the output data. 
This can be done in several ways, described below. 


The ML2261 has two basic interface modes, RD and 
WR-RD, which are selected by the MODE input pin. 

1.6.1 RDMODE 

In the RD mode, the WR/RDY pin is configured as the 
RDY output. The read mode performs a conversion 
with a single RD pulse. This allows the jj? to start a 
conversion, wait, and then read data with a single read 
instruction. 


1.6.3 WR-RD MODE — USING INTERNAL DELAY 
(fRD > tlNTl) 

The timing is shown in Figure 3. To do a co nver sion, 

CS must be low to select the devic e. Th en, WR falling 
edge triggers the conversio n. W hile WR is low, the MSB 
comparison is made. When WR returns hig h the LSB 
decision is made. After some internal delay, INT goes 
low indicating end of conversion. Valid data will appear 
on DBO-7 when RD is pulled low. INT is then reset by ; 
the rising edge of either GS or RD. 





ML2261 


1.6.4 WR-RD MODE — READING BEFORE DELAY 
(tRD < t|NTL) 

The internally generated delay for the LSB decision 
when tRD > t|NTL is longer than necessary due to 
circuit design tolerances of ti^jL delay. If desired, a 
faster co nve rsion will result without loss of accuracy by 
bringing RD low within the minimum time specified for 
tRD- The timin g diagram for this mode is shown in 
Figure 4. WR is the same as when tRo > tiMJ i ■ But in 
this case, RD is brought lo w tRD ns after WR rising 
edge and before INT. INT goes low indicating an end 
of conversion after the fallin g ed ge of RD and is reset 
on the risi ng ed ge of RD or CS. When RD is brought 
low before INT goes low the data bus always remains 
in the high-impedance state until INTi. 


1.6.5 WR-RD MODE — STAND ALONE OPERATION 

Stand alone operation can be imp leme nted by tying CS 
and RD low as shown in Fig ure 5. WR initiates a 
conversion as before. When WR is low, the MSB 
comparison is made. When^VVR goes high, the LSB 
comparison is made. Since RD is already low, the 
output data will a ppe ar automaticall y at end of 
conversion. Si nce RD is always low, INT is reset on 
rising edge of WR and goes low at end of conversion, 

1.6.6 POWER-ON RESET 

When power is first applied, an_internal power-on reset 
and timer circuit inhibits the CS input and resets the 
internal circuitry to prevent the ML2261 from starting in 
an unkn own state. During this period of approximately 
3/us, INT remains high and the data bus is in the high- 
impedance state. 
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2.0 TYPICAL APPLICATIONS 


Vcc 



* NO PROTECTION IS REQUIRED IF INPUT CURRENT < 25mA 

Figure 10. Protecting the Input Figure 11. Using Vcc as Reference for Ratiometric 

Operation 


VOUT 


Figure 12. Using External Reference of D/A Figure 13. 68000 Type Interface to ML2261 



Figure 14. 9-Bit Resolution 




2-122 


Micro Linear 







ML2261 


2.0 TYPICAL APPLICATIONS (Continued) 


Vref 




Figure 17. TMS320 Interface with D/A Output 



Figure 18. 8051 Interface to ML2261 
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TYPICAL APPLICATIONS (Continued) 


Vcc (5Vdc) 



Figure 19. Operating with a Ratiometric Analog Signal of 15% of Vcc to 85% of Vcc 


ORDERING INFORMATION 


PART NUMBER 

TOTAL I 

UNADJUSTED ERROR 

TEMPERATURE 

RANGE 

PACKAGE 

ML2261BIJ 

±1/2 LSB 

-40°C to +85°C 

HERMETIC DIP (J20) 

ML2261BCP 


0°C to +70°C 

MOLDED DIP (P20) 

ML2261BCQ 


0°C to +70°C 

MOLDED PCC (Q20) 

ML2261C1J 

±1 LSB 

-40°C to +85°C 

HERMETIC DIP (J20) 

ML2261CCP 


0°C to +70°C 

MOLDED DIP (P20) 

ML2261CCQ 


0°C to +70°C 

MOLDED PCC (Q20) 
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ML2264 


4-Channel High-Speed 8-Bit 
A/D Converter with T/H (S/H) 


GENERAL DESCRIPTION 

The ML2264 is a high-speed, //P compatible, 4-channel 
8-bit A/D converter with a conversion time of 680ns 
over the operating temperature range and supply 
voltage tolerance. The ML2264 operates from a single 
5V supply and has an analog input range from GND to 
Vcc. 

The ML2264 has two different pin selectable modes. 
The T/H mode has an internal track and hold. The S/H 
mode has a true internal sample and hold and can 
digitize 0 to 5V sinusoidal signals as high as 500kHz. 

The ML2264 digital interface has been designed so that 
the device appears as a memory location or I/O port 
to a /iP. Analog input channels are selected by the 
latched and decoded multiplexer address inputs. 

The ML2264 is an enhanced, pin compatible second 
source for the industry standard AD7824. The ML2264 
enhancements are faster conversion time, parameters 
guaranteed over the supply tolerance and temperature 
range, improved digital interface timing, superior 
power supply rejection, and better latchup immunity 
on analog inputs. 


FEATURES 

■ Conversion time, WR-RD mode over temperature 
and supply voltage tolerance 

Track & Hold Mode . 830ns max 

Sample & Hold Mode . 700ns max 

■ Total unadjusted error . ±1/2 LSB or ±1 LSB 

■ Capable of digitizing a 5V, 250kHz sine wave 

■ 4-analog input channels 

■ No missing codes 

■ OV to 5V analog input range with single 5V power 
supply 

■ No zero or full scale adjust required 

■ Analog input protection . 25mA min 

■ Operates ratiometrically or with up to 5V voltage 
reference 

■ No external clock required 

■ Power-on reset circuitry 

■ Low power . lOOmW 

■ Narrow 24-pin DIP or surface mount SOIC 

■ Superior pin compatible replacement for AD7824 


BLOCK DIAGRAM 


PIN CONNECTIONS 


24-Pin DIP 


24-Pin SOIC 


Vcc +Vref 


-Vref GND 



I Vcc 
SH/fH 
AO 
A1 
DB7 
DB6 
DBS 
DB4 
CS 

I WR/RDY 
+Vref 
-Vref 


A IN 4 cz: 1 
A IN 3 cx 2 
A IN 2Cr 3 
A IN 1 cn 4 
MODE HE S 
DBO CE 6 
DBl EE 7 
DB2CE 8 
DB3 EE 9 
^EE 10 
i^CE 11 
GND EE 12 


invcc 

!□ SH/TH 
~n AO 
~n Ai 
~n DB7 
zn DB6 
in DBS 
m DB4 

in a 

m WR/RDY 
=□ +VREF 
ID -Vref 
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PIN DESCRIPTION 


PIN NO. 

NAME 

FUNCTION 

i 

A IN 4 

Analog input 4. 

2 

A IN 3 

Analog Input 3. 

3 

A IN 2 

Analog input 2. 

4 

A IN 1 

Analog input 1. 

5 

MODE 

Mode select input. 

MODE = GND: RD mode 
MODE = Vcc: WR-RD mode 
Pin has internal current source 
pulldown to GND, 

6 

DBO 

Data output — bit 0 (LSB). 

7 

DB1 

Data output — bit 1. 

8 

DB2 

Data output — bit 2. 

9 

DB3 

Data output — bit 3. 

10 

1^ 

Read input. In RD mode, this 
pin initiates a conversion. In 
WR-RD mode, this pin latches 
data into output latches. See 
Digital Interface section. 

11 


Interrupt output. This output 
signals the end of a conversion 
and indicates that data is valid 
on the data outputs. See Digital 
Interface section. 

12 

GND 

Ground. 

13 

-Vref 

Negative reference voltage for 
A/D converter. 

14 

+Vref 

Positive reference voltage for 
A/D converter. 


PIN NO. 

NAME 

FUNCTION 

15 

VW/RDY 

Write Input or ready output. In 
WR-RD mode, this pin is WR 
input. In RD mode, this pin is 
RDY open drain output. See 
Digital Interface section. 

16 


Chip select input. This pin must 
be held low for the device to 
perform a conversion. 

17 

DB4 

Data output — bit 4. 

18 

DBS 

Data output — bit 5. 

19 

DB6 

Data output — bit 6. 

20 

DB7 

Data output — bit 7 (MSB). 

21 

A1 

Digital address input 1 that 
selects analog input channel. 

See multiplexer addressing 
section. 

22 

AO 

Digital address input 0 that 
selects analog input channel. 

See multiplexer addressing 
section. 

23 

SH/TH 

S/H, T/H mode select. When 
SH/TH = VcG the device is in 
sample and hold mode. When 
SH/TH = GND, the device is in 
track and hold mode. Pin has 
Internal pulldown current 
source to GND. 

24 

u 

u 

> 

Positive supply. +5 volts + 5%. 


ABSOLUTE MAXIMUM RATINGS 

(Note 1) 


Supply Voltage, Vcc . 6.5V 

Voltage 

Logic Inputs..... -0.3V to Vcc 0-3V 

Analog Inputs ..... -0.3V to Vcc + 0.3V 

Input Current per Pin (Note 2) . ±25mA 

Storage Temperature .. -65®C to +150®C 

Package Dissipation 

at Ta = 25°C (Board Mount) . 875mW 

Lead Temperature (Soldering 10 sec.) 

Dual-ln-Line Package (Plastic) . 260°C 

Dual-In-Line Package (Ceramic) . 300°C 

SOIC 

Vapor Phase (60 sec.) . 215°C 

Infrared (15 sec.) . 220®C 


OPERATING CONDITIONS 

Supply Voltage, Vcc . 4.5 Vdc to O.OVqc 

Temperature Range (Note 3) .. T/v\in < Ta ^ T^ax 

ML2264BMJ, ML2264CMJ . -SS-’C to +125°C 

ML2264Blj, ML2264Clj . -40‘^C to +85°C 

ML2264BCS, ML2264CCS 

ML2264BCF; ML2264CCP .0°C to +70°C 
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ELECTRICAL CHARACTERISTICS 

Unless otherwise specified, Ta = Tmin to Tmax/ ^cc = ‘‘'Vref = 5V ± 5%, and -Vref = GND 


^ 1 



ML2264XCX 

ML2264XIX, ML2264XMX 


PARAMETER 

NOTES 

CONDITIONS 

MIN 

TYP 

(Note 4) 

MAX 

MIN 

TYP 

(Note 4) 

MAX 

UNITS 


Converter 


Total Unadjusted Error 
ML2264BXX 

ML2264CXX 

5, 7 

< 

m 

II 

< 

n 

n 



±1/2 

±1 



±1/2 

±1 

LSB 

LSB 

Integral Linearity Error 
ML2264BXX 

ML2264CXX 

5, 7 

Vref = ^cc 



±1/2 

±1 



±1/2 

±1 

LSB 

LSB 

Differential Linearity Error 
ML2264BXX 

ML2264CXX 

5 

Vref = Vcc 



±1/2 

±1 



±1/2 

±1 

LSB 

LSB 

Full Scale Error 

ML2264BXX 

ML2264CXX 

5 




±1/2 

±1 



±1/2 

±1 

LSB 

LSB 

Zero Scale Error 
ML2264BXX 

ML2264CXX 

5 




±1/2 

±1 



±1/2 

±1 

LSB 

LSB 

Channel to Channel 
Mismatch 

5 




±1/4 



±1/4 

LSB 

+Vref Voltage Range 

6 


-Vref 



-Vref 


Vcc+0.1 

V 

"Vref Voltage Range 

6 


GND-0.1 

— 

+Vref 

GND-0.1 


■^Vref 

V 

Reference Input 

Resistance 

5 


1 

2.5 

4 

1 

2.5 

4 

kQ 

Analog Input Range 

5, 8 


GND-0.1 



GND-0.1 


Vcc+0.1 

V 

Power Supply Sensitivity 

5 

DC 

Vcc=5V+5%, Vref=4.50V 


+1/32 

±1/4 


±1/32 

±1/4 

LSB 

100mVp-p 

lOOkFiz sine on Vco 

V,N = 0 


±1/16 



±1/16 


LSB 

Analog Input Leakage 
Current, OFF Channel 

5 

ON Channel = V^c 

OFF Channel = OV 

-1 



-1 



//A 

ON Channel = OV 

OFF Channel = V^c 



1 



1 

M 

Analog Input Leakage 
Current, ON Channel 

5 

ON Channel = OV 

OFF Channel = V^c 

-1 



-1 



M 

ON Channel = Vcc 

OFF Channel = OV 


j 

1 



1 

fjA 

Analog Input Capacitance 


During Acquisition Period 


45 

_1 

_ 


45 


PF 


Digital and DC 


V|N( 1 ), LogicaU'1" Input 
Voltage 

5 

AO, A1 

2.0 



2.0 



V 

MODE, SH/TH 

Vcc-0.5 



Vcc-0.5 



V 

V|N(ov Logical ''0" Input 
Voltage 

5 

m, AO, A1 



0.8 



0.8 

V 

MODE, SH/TH 



0.5 



0.5 

V 
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ELECTRICAL CHARACTERISTICS (Continued) 

Unless otherwise specified, Ta = Tmin to Tmax/ ^cc = ‘•■Vref = 5V + 5%, -Vref = GND, and timing measured at 1.4V, 
Cl = 100pF. 





ML2264XCX 

ML2264XIX, ML2264XMX 


PARAMETER 

NOTES 

CONDITIONS 

MIN 

TVP 

(Note 4) 

MAX 

MIN 

TYP 

(Note 4) 

MAX 

UNITS 


Digital and DC (Continued) 


liN(i), Logical "1" 

Input Current 

5 

ViH^'Vcc 

WR, RD, CS, 

AO, A1 



1 



1 , 

M 



MODE, SH/TH 

15 

50 

150 

15 

50 

150 

//A 

l,N(o)/ Logical "0" 

5 

V,l=GND 

WR, ^ 

•-1 



-1 



fjA 

Input Current 



MODE, SH/TH 

-20 



-20 




VouTdv Logical “V 

Output Voltage 

5 

Iqut —2mA 

- 1 

4.0 



4.0 



V 

VouT(O)/ Logical "0" 

Output Voltage 

5 ' 

Iqut ~ 2mA 



0.4 



0.4 

V 

louT/ Three-State Output 

5 

Vqut = OV 

-1 



-1 



juA 

Current 

Vqut = Vcc 



1 



1 

/iA 

CouTa Logic Output 
Capacitance 


’ 


5 



5 


pF 

C|N, Logic Input 
Capacitance 




' ^ 



5 


PF 

Ico Supply Current 

5 

No Output Load 



18 



20 

mA 


AC and Dynamic Performance (Note 9) 


tcRD/ Conversion Time, 
Read Mode 

5 

RD to INT, MODE = OV 



1020 



1100 

ns 

tcwR-RD/ Conversion Time, 
Write-Read Mode 

5, 9 

WR Falling 
Edge to INT, 
tRD < t|NT/ 
MODE = Vcc 

SH/TH=Vcc 



700 



775 

ns 

SH/TH=GND 



830 



930 

ns 

SNR, Signal to Noise Ratio 


V|N = 5V, 250kHz 

Noise is sum of all 
nonfundamental 
components 
from 0-500kHz. 

SH/TH = Vco mode = Vcc 
fsAMPLING = TO MHz 


48 



48 


dB 

HD, Harmonic Distortion 


V,N = 5V, 250kHz 

THD is sum of 2-5th 
harmonics relative to 
fundamental. 

SH/TH = Vco mode = Vcc 
fsAMPLING = TO MHz 


-63 



-63 


dB 

IMD, Intermodulation 
Distortion 


fa = 2.5V, 250kHz 
fb = 2.5V, 248kHz 

IMB is (fa + fb), (fa - fb), 

(2fa + fb), (2fa - fb), 

(fa + 2fb), or (fa - 2fb) 
relative to fundamental. 
SH/TH = Vco mode = Vcc 
fsAMPLING = TO MHz 


-60 



-60 


dB 
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ELECTRICAL CHARACTERISTICS (Continued) 

Unless otherwise specified, = Tmin to T^aX/ Vcc = "^Vref = 5V + 5%, -Vref = GND, and timing measured at 1.4V, 
Cl = 100pF 




-1 

ML2264XCX 

ML2264XIX, ML2264XMX 


PARAMETER 

NOTES 

CONDITIONS 

MIN 

TYP 

(Note 4) 

MAX 

MIN 

TYP 

(Note 4) 

MAX 

UNITS 


AC and Dynamic Performance (Note 9) (Continued) 


FR, Frequency Response 


V|N = 5V, 0-250kHz 

Relative to 1kHz 

SH/TH = Vco MODE = Vcc 
fsAMPLING = 1-0 MHz 


±0.1 



±0.1 

j 

dB 

SR, Slew Rate Tracking 

6 

SH/TH = Vcc 



4.0 



4.0 

V///S 

SH/TH = GND 



.25 



.25 

V/yWS 

tAS/ Multiplexer Address 
Setup Time 

5 

SH/TH = GND, Figure 1 
(Track & Hold Operation) 

0 



0 



ns 

tAH/ Multiplexer Address 
FHold Time 

5 

SH/TH = GND, Figure 1 
(Track & Hold Operation) 

60 



70 



ns 

tAs, Multiplexer Address 
Setup Time 

5 

SH/TH = Vco Figure 2 
(Sample & Hold Operation) 

225 



245 



ns 

tAH/ Multiplexer Address 
Hold Time 

5 

SH/TH = Vco Figure 2 
(Sample & Hold Operation) 

60 



70 



ns 


AC Performance Read Mode (Pin 5 = OV), Figure 4 


tRDY/ CS to RDY Delay 

5 


0 


60 

0 


65 

ns 

tRDD/ RD Low to 

RDY belay 

5, 10 

Figure 3 



1020 



1100 

ns 

tcss/ CS to RD, WR 

Setup Time 

5 


0 



0 



ns 

tcsH/ GS to RD, WR 

Hold Time 

5 


0 

■ 


0 



ns 

tcRD/ Conversion Time — 
RD Low to INT Low 

5, 10 




1020 



1100 

ns 

Ucco/ Data Access Time 

RD to Data Valid 

5 


tCRD 


tcRD‘*’30 

tCRD 


tcRD+30 

ns 

tRDpw/ I^D Pulse Width 

5 


tCRD+30 



tCRD'^^O 



ns 

t|NXH/ I^D to INT Delay 

5, 10 


0 


65 

0 


75 

ns 

toH/ Data Hold Time — 

RD Rising Edge to Data 
High Impedance State 

6, 10 

Figure 3 

0 


50 

0 


60 

ns 

tp. Delay Time Between 
Conversions — INT Low 
to RD Low 

5, 10 

Sample & Hold Mode, 

SH/TH = Vcc 

300 



325 



ns 

Track & Hold Mode, 

SH/TH = GND 

240 



260 



ns 


AC Performance Write-Read Mode (Pin 5 = 5V), Figures 5 and 6 


tcss/ CS to RD, WR 

Setup Time 

5 


0 

-! 


0 



ns 

tcsH/ CS to RD, WR 

Hold Time 

5 


0 



0 



ns 

twR/ WR Pulse Width 

5 

SH/TH = Vcc 

190 


50K 

205 


50K 

ns 

6 

SH/TH = GND 

320 


50K 

360 


50K 

ns 
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ELECTRICAL CHARACTERISTICS (Continued) ; 

Unless otherwise specified, = Tmin fo TmaX/ Vcc = ‘•'Vref = 5V + 5%, -Vref = GND, and timing measured at 1.4V, 
Cl = 100pF 





ML2264XC:X 

ML2264XIX, ML2264XMX 


PARAMETER 

• 

NOTES 

CONDITIONS 

MIN 

TYP 

(Note 4) 

MAX 

MIN 

TYP 

(Note 4) 

MAX 

UNITS 


AC Performance Write-Read Mode (Pin 5 = 5V), Figures 5 and 6 (Continued) 


tRD, Read Time — WR 

High to RD Low Delay 


tRD < t|NTL 

275 



300 



ns 

tRi, RD to lislT Delay 

5, 10 

tRD < t|NjL 

0 


235 

0 


270 

ns 

tAcci/ Data Access Time 
— RD Low to Data Valid 

5 

tRD < t|NTL 

0 


240 

0 


300 

hs 

tcwR-RD/ Conversion Time 
— WR Falling Edge to 

INT Low 

5,9,10 

tRD < t|NTL/ SH/TH = Vcc 



700 



775 

ns 

6,9,10 

tRD < tiNTb SH/TH = GND 



830 



930 

ns 

t|NTL/ Internal Comparison 
Time — WR Rising Edge 
to INT Low 

5, 10 

tRD > t|NTL 



620 



670 

ns 

tAcc 2 / Data Access Time 
— RD to Data Valid 

5 

tRD > t|NjL 

0 


50 

0 


60 

ns 

tQH, Data Hold Time — 

RD Rising Edge to Data 
High Impedance State 

6, 10 

Figure 3 

0 


50 

0 


60 

ns 

t|NTH/ I^Dt to INTt Delay 

5, 10 


0 


65 

0 


75 

ns 

tp, Delay Time Between 
Conversions — INT Low 
to WR Low 

5, 10 

Sample & Hold Mode, 

SH/TH == Vcc 

300 



325 



ns 

Track & Hold Mode, 

SH/TH = GND 

240 



260 



ns 

t|HWR/ WRt to INTt Delay 

5, 10 

Standalone Mode 

0 


90 

0 


100 

ns 

t|D/ INTi to Data 

Valid Delay 

5, 10 

Standalone Mode 

■ 0 j 


20 

0 


30 

ns 


Note 1: Absolute maximum ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless otherwise 
specified are measured with respect to ground. 

Note 2: When the voltage at any pin exceeds the power supply rails (Vn^j < GND or V,N > Vqq) the absolute value of current at that pin 
should be limited to 25mA or less. 

Note 3: -55°C to +125°C operating temperature range devices are 100% tested at temperature extremes with worst-case test conditions. 

0°C to +70®C and -40°C to +85°C operating temperature range devices are 100% tested with temperature limits guaranteed by 100% 
testing, sampling, or by correlation with worst-case test conditions. 

Note 4: Typicals are parametric norm at 25°C. 

Note 5: Parameter guaranteed and 100% production tested. 

Note 6: Parameter guaranteed. Parameters not 100% tested are not in outgoing quality level calculation. 

Note 7: Total unadjusted error includes o ffset , full scale, linearity, sample and hold, and multiplexer errors. Total unadjusted error is tested at 
the minimum specified times for WR, RD, t^^, and tp. For example, for the ML2264XCX in the sample and hold mode, WR/RD mode: 
twR = 190ns, tRD = 275ns with a frequency of 1.000MHz (cycle time of 1000ns). 

Note 8: For -Vr^p > Vin the digital output code will be 0000 0000. Two on-chip diodes are tied to the analog input which will forward conduct 
for analog input voltages one diode drop below ground or one diode drop greater than the Vcc supply. Be careful, during testing at 
low Vcc levels (4.5V), as high level analog inputs (5V) can cause this input diode to conduct — especially at elevated ternperatures, and 
cause errors for analog inputs near full scale. The spec allows lOOmV forward bias of either diode. This means that as long as the analog 
V|N Of Vrpf does not exceed the supply voltage by more than lOOmV, the output code will be correct. To achieve an absolute OVqc to 
5Vdc input voltage range will therefore require a minimum supply voltage of 4.900Vqc over temperature variations, initial tolerance and 
loading. 

Note 9: Conversion time, write-read mode = twR + tR^ + tR|. 

Note 10: Defined from the time an output crosses 0.8V or 2.4V. 
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a) RD Mode (Pin 5 = GND) b) WR-RD Mode (Pin 5 = Vcc) 

Figure 1. Analog Multiplexer Address Timing for Track & Hold Mode (Pin 23 = GND) 



Figure 2. Analog Multiplexer Address Timing for Sample & Hold Mode (Pin 23 = Vcc) 
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1.0 FUNCTIONAL DESCRIPTION 

The ML2264 uses a two stage flash technique for A/D 
conversion. This technique first performs a 4 bit flash 
conversion on V|n to determine the 4 MSB's. These 
4 MSB's are then cycled through an internal DAC to 
recreate the analog input. This reconstructed analog 
input signal from the DAC is then subtracted from the 
input, and the difference voltage is converted by a 
second 4 bit flash conversion, providing the 4 LSB's of 
the output data word. 

1.1 MULTIPLEXER ADDRESSING 

The ML2264 contains a 4-channel single ended analog 
multiplexer. A particular input channel is selected by 
using the address inputs AO and A1. The relationship 
between the address inputs, AO and A1, and the analog 
input selected is shown in Table 1. 


Selected 

Analog Channel 

Address Input 

AO 

A1 

A IN 1 

0 

0 

A IN 2 

1 

0 

A IN 3 

0 

1 

A IN 4 

1 

1 


Table 1. Multiplexer Address Decoding 


The address inputs are latc hed into the ML2264 on the 
falling edge of the RD, WR, or CS depending on the 
state of pins SH/TH and mode as shown in Table 2. 


Address Latching 
Signal 

Mode 

Operation Mode 


GND 

GND 

WRi 

Vcc 

GND 

"^i 

GND 

Vcc 

^i 

Vcc 

Vcc 


Table 2. 

In the Sample & Hold mode of operation CS is used as 
the address latch enable, allowing for continuous 
conversions without addressing a given analog input for 
each conversion. 

The Track & Hold mode of operation requires an 
analog input to be addressed and latched for each 
conversion that the ML2264 performs. 

1.2 ANALOG INPUTS 

The analog input on the ML2264 behaves differently 
than inputs on conventional converters. The analog 
input current requirements change while the 
conversion is in progress, and the amount of input 
current depends on what cycle the converter is in. 


The equivalent input circuit for the converter is shown 
in Figu re 8 . When the conversion starts in the T/H 
mode (WRi in the WR-RD mode or RDi in the RD 
mode) S1, S4 and S6 close and S3 opens. This period is 
known as the acquisition period where the MSB flash 
converter tracks the input signal and the LSB flash 
converter samples it. During this period, V|n is 
connected to the 16 MSB and 15 LSB comparators. 

Thus 38 pF of input capacitance must be charged up 
through the combined Rqn resistance of the internal 
analog switches plus any external source resistance, Rs- 
In addition, there is a stray capacitance of 
approximately 11 pF that needs to be charged through 
the external source resis tanc e Rs. This period ends in 
the WR-RD mode when WR! or by an internal timer in 
the RD mode. At this point SI and S4 open and the 
analog input at V|n is no longer being sampled; thus 
during this time the analog voltage on V|n does not 
affect converter performance. 

As shown above, the critical period for charging up the 
analog input occurs when the MSB and LSB 
comparators are sampling the input, known as the 
acquisition period. The source of the external signal on 
V|N must adequately charge up the analog voltage 
during the acquisition period. To do this, the input 
must settle within the required analog accuracy 
tolerance at least 50ns before the end of the acquisition 
period so that the MSB comparators have adequate 
time to make the correct decision. If more time is 
needed due to finit e cha rging or settling time of the 
external source, the WR low period can be extended in 
WR-RD mode. In RD mode, since the acquisition time 
is fixed by internal delays, the burden is on the external 
source to charge up and settle the Input adequately. 

When the ML2264 operates in the S/H mode (pin 23 = 
Vcc) both the MSB and the LSB flash converter perform 
a true sample and hold operation during the 
acquisition or sam pling period. This period starts after 
th e fal ling edge of INT and ends with the falling edge 
of WR in the WR-RD mode or the falling edge of RD in 
the RD mode. The duration of this period is user 
controlled and must satisfy a minimum of tp. 

During this period SI, S3, S4 and S6 close, therefore 
46 pF of input capacitance must be charged up in 
addition to the 11 pF of stray capacitance. 

1.3 TRACK AND HOLD vs. SAMPLE AND HOLD 

The MSB Flash Converter of the ML2264 in T/H mode 
has a track and hold mechanism for sampling the input. 
The input is attached to the MSB comparators directly 
in the MSB compare cycle, or acquisition period. When 
the MSB compare cycle ends, the state of the MSB 
comparators is latched. The LSB Flash Converter always 
performs a S/H operation. Thus, the analog input signal 
can be changing during the MSB compare cycle, or 
acquisition period, and the MSB comparators will be 
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tracking it as long as the slew rate of the analog input 
is slow enough so that the MSB comparators can 
respond. The ML2264 can track and hold signals with 
slew rates as high as .25V///S (16kHz @ 5 volts) without 
sacrificing conversion accuracy. 

The ML2264 in S/H mode does not have the slew rate 
limitation of the T/H mode since an internal sample and 
hold acquires the analog signal, holds it internally, and 
then performs a conversion. Since this is a true sample 
and hold function, the S/H mode can theoretically 
digitize signals of frequencies much higher than the 
T/H mode. The ML2264 in S/H mode can digitize 
signals of frequencies as high as 250kHz @ 5V (slew 
rates as high as 4V///s) without sacrificing conversion 
accuracy. In most applications, the S/H mode Is more 
desirable than T/H mode because of the better dynamic 
performance. 

1.3.1 CONVERTER — T/H MODE 

The operating sequence for the WR-RD mode is 
illustrated in Figure 9a . Init ially, the internal comparators 
are auto-zeroed while WR is h igh. A conv ersio n is 
initiated by the falling edge of WR. While WR is low, 
the MSB comparators are tracking the analog input and 
comparing this voltage against voltages from the 
internal resistor ladder. At the same time, the input is 
being acquire d or sampled by LSB comparators. On the 
rising edge of WR, the MSB comparator results are 
latched, and the LSB acquisition time is ended by 
closin g the sampling switch to the LSB comparators. 
While WR is high, the LSB comparators then compare 
the residual input voltage against internal voltages from 
the resistor ladder to determine the 4 LSB's . Wh en the 
LSB comparison or conversion is complete, INT goes 
low and latches the conversion result into the output 
latc hes. Then, the comparators are auto-zeroed while 
WR is high before another conversion can start. 

The operating sequence for RD mode. Is similar to that 
described above for the WR-RD mode, except the 
conversion Is initiated by the falling edge of RD, and 
the MSB and LSB conversions are generated by internal 
clock edges that are generated while RD is low. 



Figure 8. Converter Equivalent Input Circuit 

1.3.2 CONVERTER - S/H MODE 

The operating sequence for S/H mode is Illustrated In 
Figure 9b. Notice that it is similar to T/H mode 
described above except this mode has a tr ue sample 
and hold function. The falling edge of INT closes the 
sampling switch and starts the acquisition period where 

the analog input is sampled at the same time all _ 

comparators are auto-zeroed. The falling edge of WR 
opens the internal sampling switch, ends the acquisition 
period, and starts the conversion on the internally 
sample and held sig nal. T he MSB comparators make 
thei r decisions while WR is low. On the rising edge of 
WR, the MSB comparator results are la tched . The LSB 
comparators make their decision when WR is high. 
Wh en the LSB comparison or conversion is complete, 
INT goes low and latches the conversion result into the 
output buffers. Then, the acquisition period begins 
again and the converter is ready for the next 
conversion. 

The operating sequence for the RD mode is the same 
as the WR-RD mode, except the conversion is Initiated 
by the falling edge of RD, and the MSB and LSB 
conversions are generated by internal clock edges that 
are generated while RD is low. 
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a). T/H Mode 



ACQUISITION 
OR SAMPLING 
PERIOD. ALL 
COMPARATORS 
AUTOZEROED. 


MSB 

COMPARATORS 

DECIDING. 


LSB 

COMPARATORS 

DECIDING. 


CONVERSION 

STARTS. 

V|N SAMPLING 
ENDS. HOLD 
TIME STARTS. 


MSB 

COMPARATOR 
RESULTS ARE 
LATCHED. 


RD BROUGHT LOW 
LATCHES LSB 
COMPARATOR 
RESULTS AND 
BRINGS I NT LOW. 


b). S/H Mode 


WR 



/ 



ALL COMPARATORS ACQUISITION LSB 

AUTOZEROED. PERIOD. MSB COMPARATORS 

COMPARATORS DECIDING. 

ARE TRACKING 
V|N. LSB 
COMPARATORS 
i ARE SAMPLING i 

t V,N. T 


CONVERSION 

STARTS. 


V|N SAMPLING 
ENDS. MSB 
COMPARATOR 
RESULTS ARE 
LATCHED. 


RD BROUGHT LOW 
LATCHES LSB 
COMPARATOR 
RESULTS AND 
BRINGS INT LOW. 


Figure 9. Operating Sequence (WR-RD Mode) 


1.4 REFERENCE 

The +Vrep and -Vrpp inputs are the reference voltages 
that determine the full scale and zero input voltages, 
respectively, for the A/D converter. Thus, +Vrpp defines 
the analog input which produces a full scale output and 
-Vref defines the analog input which produces an 
output code of all zeroes. The transfer function for the 
A/D converter is shown in Figure 10. 

+Vref and -Vref can be set to any voltage between GND 
and Vcc- This means that the reference voltages can be 
offset from GND and the difference between +Vref+ and 
-Vref- can be made small to increase the resolution of 
the conversion. Note that the total unadjusted error 
increases when [+Vref - (-Vref)] decreases. 

1.5 POWER SUPPLY AND REFERENCE DECOUPLING 

A 0.1/uF ceramic disc capacitor is recommended to 
bypass Vcc to GND, using as short a lead length as 
possible. 

If REF+ and REF- inputs are driven by long lines, they 
should be bypassed by 0.1//F ceramic disc capacitors at 
the reference input pins. 


OUTPUT 

CODE FULL SCALE 



Figure 10. A/D Transfer Characteristic 
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1.6 DYNAMIC PERFORMANCE 

1.6.1 SINUSOIDAL INPUTS 

Since the ML2264 has an internal sample and hold, the 
device can digitize high frequency sinusoids with little 
or no signal degradations. Using the Nyquist criteria, 
the highest frequency input to the converter could 
theoretically be 1/2 the sampling rate (fg). Any frequency 
components above fs/2 will be aliased below ijl. In 
most applications, these aliased components cause 
unacceptable distortion and must be filtered out of the 
input. If the input frequency is too close to fs/2, then 
the requirements on the anti-alias filter become difficult 
to impossible to realize with standard component and 
tolerances. In most practical applications, the highest 
input frequency has to be limited to 1/3 to 1/4 of fMAX 
in order to relax the filtering requirements enough to 
make a realizable anti-alias filter. 

The maximum sampling rate (fmax) ^or the ML2264 in 
the WR-RD mode, Urd < tifsjxL) can be calculated as 
follows: 


twR + tRD + tRi + tp 

f =-]- 

190ns + 275ns + 235ns + 300ns 
fmax = 1.000 MHz 
t\A/R = Write Pulse Width 
tRD = Delay Time between WR and RD Pulses 
tRi = RD to I NT Delay 
tp = Delay Time between Conversions 

This permits a maximum sampling rate of 1MHz for the 
ML2264. The dynamic performance specifications (SNR, 
HD, IMD, and FR) for the ML2264 are all specified at 
250kHz, which is approximately 1/4 of the sampling 
rate, fg. 


In applications where aliased frequency components 
are acceptable and filtering of the input signal is not 
needed, or where a filter with a steep amplitude 
response Is available, the user can apply an input 
sinusoid higher than 250kHz to the device. Note, 
however, that as the input frequency increases above 
500kHz, dynamic performance degradation will occur 
due to the finite bandwidth of the internal sample and 
hold. 

The Figure 11 plots are 4096 point FFT's of the ML2264 
converting a 257kHz and a 491kHz, 0 to 4.5V, low 
distortion sine wave Input. The ML2264 samples and 
digitizes at its specified accuracy, dynamic input signals 
with frequency components up to the Nyquist 
frequency (one-half the sampling rate). The output 
spectra yields precise measurements of the input signal 
level, harmonic components, and signal to noise ratio 
up to the 8-bit level. The near ideal signal to noise ratio 
is maintained independent of increasing analog input 
frequencies to 500kHz. 

1.6.2 SIGNAL-TO-NOISE RATIO 

Signal-to-noise ratio (SNR) is the measured signal to 
noise at the output of the converter. The signal is the 
rms magnitude of the fundamental. Noise is the rms 
sum of all the nonfundamental signals up to half the 
sampling frequency. SNR is dependent on the number 
of quantization levels used in the digitization process; 
the more the levels, the smaller the quantization noise. 
The theoretical SNR for a sine wave is given by 

SNR = (6.02N + 1.76) dB 

where N is the number of bits. Thus for ideal 8-bit 
converter, SNR = 49.92 dB. 

1.6.3 HARMONIC DISTORTION 

Harmonic distortion is the ratio of the rms sum of 
harmonics to the fundamental. Total harmonic 
distortion (THD) of the ML2264 is defined as 


SNR 48.4dB 
_HD -62.87 

Vcc = Vref 
Ta = 25°C 
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Figure 11. Dynamic Performance, Sample and Hold Mode 
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(Vo^ + V3^ + V ^ 

20 log = ^^ 

Vi 

where Vi is the rms amplitude of the fundamental and 
V 2 / V 3 , V 4 , V 5 are the rms amplitudes of the individual 
harmonics. 

1.6.2 SIGNAL-TO-NOISE RATIO 

Signal-to-noise ratio (SNR) is the measured signal to 
noise at the output of the converter. The signal is the 
rms magnitude of the fundamental. Noise is the rms 
sum of all the nonfundamental signals up to half the 
sampling frequency. SNR is dependent on the number 
of quantization levels used in the digitization process; 
the more the levels, the smaller the quantization noise. 
The theoretical SNR for a sine wave is given by 

SNR = (6.02N + 1.76) dB 

where N is the number of bits. Thus for ideal 8 -bit 
converter, SNR = 49.92 dB. 

1.6.3 HARMONIC DISTORTION 

Harmonic distortion is the ratio of the rms sum of 
harmonics to the fundamental. Total harmonic 
distortion (THD) of the ML2264 is defined as 

(Vo^ + V32 + V42 + Vs^)’/^ 

20 log = ^- — 

Vi 

where is the rms amplitude of the fundamental and 
V 2 , V 3 , V 4 , V 5 are the rms amplitudes of the individual 
harmonics. 

1.6.4 INTERMODULATION DISTORTION 

With inputs consisting of sine waves at two frequencies, 
f/v and fB, any active device with nonlinearities will 
create distortion products, of order (m + n), at sum and 
difference frequencies of mf^ + nfe, where m, n = 0 , 1 , 
2, 3 . . . Intermodulation terms are those for which m 
or n is not equal to zero. The (IMD) intermodulation 
distortion specification includes the second order terms 
(f^ + fe) and (f^ - fe) and the third order terms 
( 2 fA + fs)/ ( 2 fA - h)f (^A + 2 fB), and (fA - 2 fB) only. 

1.7 DIGITAL INTERFACE 

The ML2264 has two basic interface modes, RD and 
WR-RD, which are selected by the MODE input pin. 

1.7.1 RD MODE 

In the RD mode, the WR/RDY pin is configured as the 
RDY output. The read mode performs a conversion 
with a single RD pulse. This allows the /jP to start a 
conversion, wait, and then read data with a single read 
instruction. 

The timing for the RD mode is shown in Figure 4. To 
do a conversion, CS must be low to select the device. 
After CS goes low, the RDY output goes low indicating 

that the device is ready to do a conversion. The _ 

conversion starts on the falling edge of RD. While RD is 
low, the MSB and LSB decisions are made with 


internally generated clock edges. Wh en the conversion 
is complete, RDY goes high and I NT goes low signaling 
the end of the conversion. After INT goes low, the data 

outputs go from high impedance to active state with_ 

valid output data. Data stays valid until either RD or CS 
goes high. When either signal goes high, the outp ut 
data lines return to the high impedance state and INT 
returns high. 

1.7.2 WR-RD MODE 

In t he W R-RD mode, the W R/RD Y pin is configured as 
the WR input. In this mode, WR initiates the 
conversion and RD controls reading the output data. 
This can be done in several ways, described below. 

1.7.3 WR-RD MODE — USING INTERNAL DELAY 
(tRD > tlNTl) 

The timing is shown in Figure 5. To do a co nver sion, 

CS must be low to select the devic e. Th en, WR falling 
edge triggers the conversio n. W hile WR is low, the MSB 
comparison is made. When WR returns hig h the LSB 
decision is made. After some internal delay, INT goes 
low indicating end of conversion. Valid data will appear 
on DBO-7 when RD is pulled low. INT is then reset by 
the rising edge of either CS or RD. 

1.7.4 WR-RD MODE — READING BEFORE DELAY 
(tRD t|NTL) 

The internally generated delay for the LSB decision 
when tRD > tjNjL is longer than necessary due to 
circuit design tolerances of ti^jL delay. If desired, a 
faster conversion will result without loss of accuracy by 
bringing RD low within the minimum time specified for 
Lrd- The timin g diagram for this mode is shown in 
Figure 6 . WR is the same as when > tiMx i- But in 
this case, RD is brought lo w tRo ns after WR rising 
edge and before INT. INT goes low indicating an end 
of conversion after the fallin g ed ge of RD and is reset 
on the risi ng ed ge of RD or CS. When RD is brought 
low before INT goes low the data bus always remains 
in the high-impedance state until INTi. 

1.7.5 WR-RD MODE — STAND ALONE OPERATION 

Stand alone operation can be imp leme nted by tying CS 
and RD low as shown in Fig ure 7. WR initiates a 
conversion as before. When WR is low, the MSB 
comparison is made. When, WR goes high, the LSB 
comparison is made. Since RD is already low, the 
output data will a ppe ar automaticall y at end of 
conversion. Si nce RD Is always low, INT is reset on 
rising edge of WR and goes low at end of conversion. 

1.7.6 POWER-ON RESET 

When power is first applied, an internal power-on reset 
and timer circuit inhibits the CS input and resets the 
internal circuitry to prevent the ML2264 from starting in 
an unkn own state. [Turing this period of approximately 
3fjs, INT remains high and the data bus is in the high- 
impedance state. 
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2.0 TYPICAL APPLICATIONS 



♦ NO PROTECTION IS REQUIRED IF INPUT CURRENT <25mA 

Figure 12. Protecting the Input 




Figure 13. Using V^c as Reference for Ratiometric 
Operation 


12V 
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+Vref 
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Vrefout 

Vcc 


ML2340 
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WITH 

REFERENCI 
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Figure 14. Using External Reference of D/A 


Figure 15. 68000 Type Interface to ML2264 


5V 



Figure 16. +2.5V Analog Input Range 



Figure 17. 8051 Interface to ML2264 
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2.0 TYPICAL APPLICATIONS (Continued) 



Figure 18. TMS320 Interface with D/A Output 


Vcc (5Vdc) 



Figure 19. Operating with a Ratiometric Analog Signal of 15% of Vcc to 85% of Vcc 


ORDERING INFORMATION 


PART NUMBER 

TOTAL 

UNADJUSTED ERROR 

TEMPERATURE 

RANGE 

PACKAGE 

ML2264BMJ 

+1/2 LSB 

-SS'C to +125''C 

HERMETIC DIP (J24) 

ML2264BIJ 


-40‘’C to +85‘’C 

HERMETIC DIP (J24) 

ML2264BCP 


0 °C to +70°C 

MOLDED DIP (P24) 

ML2264BCS 


0°C to +70°C 

MOLDED SOIC (S24) 

ML2264CMJ 

±1 LSB 

-55°C to +125°C 

HERMETIC DIP (j24) 

ML2264CIJ 


-40°C to +85°C 

HERMETIC DIP (J24) 

ML2264CCP 


0 °C to +70°C 

MOLDED DIP (P24) 

ML2264CCS 


0°C to +70°C 

MOLDED SOIC (S24) 
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PRELIMINARY 

ML2271 


fj? Compatible High-Speed 10-Bit 
A/D Converter with S/H 


GENERAL DESCRIPTION 

The ML2271 is a high speed, //P compatible 10-bit A/D 
converter. A three step flash technique is used to 
achieve a conversion time of 1.45/ys. The ML2271 
operates from a single 5V supply and has an analog 
input range from GND to Vcc- 

The ML2271 has a true internal sample and hold and 
can digitize sinusoid signals as high as 150kHz without 
conversion errors. 

The ML2271 digital interface has been designed so that 
the device appears as a memory location or I/O port 
to a yuP, eliminating the need for external interfacing 
logic. The data outputs are latched and have three 
state control, allowing direct connection to a //P bus 
or I/O port. The addition of an internal timing 
generator also allows the device to easily operate in 
stand alone applications. 

The ML2271 is pin and function compatible with the 
ADC1061. 


FEATURES 

■ Conversion time over temperature and 

supply voltage tolerance 1.5//S 

■ Linearity error ±1/2 LSB or ±1 LSB 

■ Full scale error ±1/2 LSB or ±1 LSB 

■ Zero error ±1/2 LSB or ±1 LSB 

■ Capable of digitizing a 5V, 150kHz sine wave 

■ No missing codes 

■ OV to 5V analog input range with single 5V power 
supply 

■ Analog input protection 25mA min 

■ Operates ratiometrically or with up to 5V voltage 
reference 

■ No external clock required 

■ Easy interface to fj?, or operates standalone 

■ Latched, 3-state data outputs 

■ Power-on reset circuitry 

■ Low power 180mW max 

■ Standard 20-pin DIP or surface mount SOIC 

■ 0°C to 70°C, -40°C to +85°C, -55°C to +125°C 
operating temperature range 
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PIN CONNECTIONS 

20-Pin DIP 


20-Pin SOIC 


D Vcc [ 

1 

20 

] DBO 

D Vcc nr 

1 

iNT r 

2 

19 

"I DB1 

INT or 

2 





WR cm 

3 

WR [ 

3 

18 

] DB2 

RD cm 

4 

RD [ 

4 

17 

] DB3 

« cm 

5 

«C 

5 

16 

] DB4 

A Vcc nr 

6 

A Vcc [ 

6 

15 

] DBS 

-Vref nr 

7 





ViN or 

8 

-Vref [ 

7 

14 

] DB6 

+Vref cm 

9 

ViN [ 

8 

13 

] DB7 

GND cm 

10 

+VreF 

9 

12 

] DB8 



GND [ 

10 

11 

] DB9 




nn DBo 
m DB1 
■JD DB2 
m DB3 


I DBS 
14 pin 0B6 
13 pn DB7 
12 
11 


PIN DESCRIPTION 


PIN NO. 

NAME 

FUNCTION 

PIN NO. 

NAME 

FUNCTION 

1 

D Vcc 

Digital supply. +5V ± 5%. 

7 

-Vref 

Negative reference input voltage 



Connect to A Vcc- 



for A/D converter. 

2 

Tkt 

Interrupt output. This output 

8 

V|N 

Analog input. 




signals the end of a conversion 
and indicates that data is valid 

9 

+Vref 

Positive reference input voltage 
for A/D converter. 



on the data outputs. See Digital 
Interface section. 

10 

GND 

Ground. 


3 

WR 

Write input. Input which 

11 

DB9 

Data output — 

bit 9 (MSB). 



initiates a conversion. See 

12 

DB8 

Data output — 

bit 8. 



Digital Interface section. 

13 

DB7 

Data output — 

bit 7. 

4 


Read input. This input latches 
data into the output latches. 

14 

DB6 

Data output — 

bit 6. 



See Digital Interface section. 

15 

DBS 

Data output — 

bit 5. 

5 


Chip select input. This input 

16 

DB4 

Data output — 

bit 4. 



must be held low during WR 
and RD for the device to 

17 

18 

DB3 

DB2 

Data output — 

bit 3. 

bit 2. 



perform a conversion. 

Data output — 

6 

A Vcc 

Analog supply. +5V ± 5%. 

19 

DB1 

Data output — 

bit 1. 



Connect to D Vcc- 

20 

DBO 

Data output — 

bit 0 (LSB). 


ABSOLUTE MAXIMUM RATINGS 

OPERATING CONDITIONS 

(Note 1) 






Temperature Range (Note 3) . 

. Tmin — Ta ^ Tmax 

Supply Voltage, A Vco D Vcc . 

. 6.5V 

ML2271BMj, ML2271CMJ . 

. -55®C to +125'’C 

Voltage 


ML2271BIJ, ML2271CIJ . 

. -40®C to +85°C 

Logic Inputs. 

.. -0.3V to Vcc + 0-3V 

ML2271BCS, ML2271CCS 


Analog Inputs . 

.. -0.3V to Vcc + 0.3V 

ML2271BCR ML2271CCP . 

.0°C to +70°C 

Input Current per Pin (Note 2) . 

. +25mA 



Storage Temperature . 

. -65°C to +150°C 



Package Dissipation 




at Ta = 25°C (Board Mount) . 

. 875mW 



Lead Temperature (Soldering 10 sec.) 




Dual-ln-Line Package (Molded) . 

. 260°C 



Dual-ln-Line Package (Ceramic) . 

.. 300°C 



Molded Small Outline 1C Package 




Vapor Phase (60 sec.) .. 

. 215°C 



Infrared (15 sec.) .. 

.. 220®C 
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ELECTRICAL CHARACTERISTICS 

Unless otherwise specified, = Tmin to TmaX/ D Vcc = A Vcc = +Vref = 5V ± 5%, and -Vref = CND 





ML2271XCX 

ML2271XIX, ML2271XMX 


PARAMETER 

NOTES 

CONDITIONS 

1 

MIN 

TYP 

(Note 4) 

MAX 

MIN 

jYP 

(Note 4) 

MAX 

UNITS 


Converter 


Intergral Linearity Error 










ML2271BXX 

5, 7 

II 

> 



±1/2 



±1/2 

LSB 

ML2271CXX 





±1 



±1 

LSB 

Differential Linearity Error 










ML2271BXX 

5 

Vref - Vcc 



±1/2 



±1/2 

LSB 

ML2271CXX 





±1 



±1 

LSB 

Full Scale Error 










ML2271BXX 

5 




±1/2 



±1/2 

LSB 

ML2271CXX 




i 

±1 



±1 

LSB 

Zero Scale Error 










ML2271BXX 

5 




±1/2 



±1/2 

LSB 

ML2271CXX 





±1 



±1 ■ 

LSB 

Total Unadjusted Error 






— 




ML2271BXX 

5 




±3/4 



±3/4 

LSB 

ML2271CXX 





±1+2 



+V/2 

LSB 

+Vref Voltage Range 

6 


-Vref 


< 

n 

n 

-1- 

o 

-Vref 


Vcc+03 

V 

“Vref Voltage Range 

6 


GND-0.1 


+Vref 

GND-0.1 


-1- 

< 

m 

V 

Reference Input 

Resistance 

5 


.9 

1.3 

1.7 

.9 

1.3 

1.7 

kQ 

Analog Input Range 

5, 8 


-Vref 


> 

-i- 

-Vref 


+Vref 

V 

Power Supply Sensitivity 

5 

DC 

Vcc = 5V + 5%, Vref = 4.75V 


+1/32 

±1/4 


±1/32 

±1/4 

LSB 



100mVp-p 

100kHz sine on Vqq, 

V,N = 0 


±1/16 



±1/16 


LSB 

Analog Input Leakage 
Current 

5, 9 

Converter Idle 

-2 


+2 

■ -2 


+2 

M 

Analog Input Capacitance 


During Acquisition Period 


25 ... 



25 


pF 


Digital and DC 


V|N(iv Logical "1" Input 
Voltage 

5,' 


2.0 

~ 1 


2.0 

■ ■ j 



V 

V|N(0V Logical "0" Input 
Voltage 

5 



1 

0.8 

. 


0.8 

V 

liisi(-i), Logical ''1" Input 
Current 

5 

< 

z 

II 

n< 

n 



1 



1 

M 

l|N( 0 ), Logical "0" 

Input Current 

5 

< 

z 

-1 



-1 



M 

VouT(i)/ Logical "1" 

Output Voltage 

5 

Iqut -2mA 

4.0 



4.0 



V 

Vqukov Logical "0” 

Output Voltage 

5 

Iqut = 2mA 



0.4 



0.4 

V 

Iqut/ Three-State Output 
Current 

5 1 

Vqut = OV 

-1 



-1 



M 

Vqut = Vcc 



1 



1 
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ELECTRICAL CHARACTERISTICS (Continued) 

Unless otherwise specified, Ta = Tmin fo TmaX/ D Vcc = A Vcc = +Vref = 5V ± 5%, -Vref = CND, and timing 
measured at 1.4V, Cl = 100pF. 





ML2271XCX 

ML2271XIX, ML2271XMX 


PARAMETER 

NOTES 

CONDITIONS 

MIN 

TYP 

(Note 4) 

MAX 

MIN 

TYP 

(Note 4) 

MAX 

UNITS 


Digital and DC (Continued) 


CouT/ Logic Output 
Capacitance 




5 



5 


PF 

C|N, Logic Input 
Capacitance 




5 



5 


PF 

Icc, Supply Current, 

Analog Plus Digital 

5 

CS = WR = RD = 0 

No Output Load 



32 



35 

mA 


AC and Dynamic Performance (Note 9) 


tcoNV/ Conversion Time, 
Interrupt Mode 

6 

Figure 2 



1450 



1600 

ns 

tcoNV/ Conversion Time, 
Write-Read Mode 

5 

Figure 3 



1450 



1600 

ns 

tcoNV/ Conversion Time, 
Read Mode 

6 

Figure 4 



1450 



1600 

ns 

SNR, Signal to Noise Ratio 

. 

V,N = 5V, 150kHz 

Noise is sum of all 
nonfundamental 
components 
from 0-300kHz. 
fsAMPLING = 600kHz 


60 



60 


dB 

HD, Harmonic Distortion 


V,N = 5V, 150kHz 

THD is sum of 2-5th 
harmonics or aliases relative 
to fundamental. 
fsAMPLiNG = 600kHz 


-60 

■ 


-60 


dB 

IMD, Intermodulation 
Distortion 

i 


fa = 2.5V, 150kHz 
fb = 2.5V, 148kHz 

IMB is (fa + fb), (fa - fb), 

(2fa + fb), (2fa - fb), 

(fa + 2fb), or (fa - 2fb) 
relative to fundamental. 
fsAMPLING = 600kHz 


-60 



-60 


dB 

-1 

FR, Freqency Response 


V,N = 5V, 0-150kHz 

Relative to 1kHz 
fsAMPLiNG = 600kHz 


±0.1 



±0.1 


dB 

SR, Slew Rate Tracking 



_i 

2.36 



2.36 

_i 

V///S 


AC Performance, Figures 2, 3, 4, and 5 


tcss/ CS to RD, WR 

Setup Time 

5 


0 


-! 

0 



ns 

tcsH/ CS to RD, WR 

Hold Time 

5 


0 



0 



ns 

twR, WR Pulse Width 

5 


250 


50K 

300 


50K 

ns 
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ELECTRICAL CHARACTERISTICS (Continued) 

Unless otherwise specified, Ta = Tmin to Tmax, D Vcc = A Vcc = +Vref = 5V '± 5%, and -Yref = GND, and timing 
measured at 1.4V, Q = 100 pF. 





ML2271XCX 

ML2271XIX, ML2271XMX 


PARAMETER 

NOTES 

CONDITIONS 

MIN 

TYP 

(Note 4) 

MAX 

MIN 

TYP 

(Note 4) 

MAX 

UNITS 


AC Performance, Figures 2, 3, 4, and 5 (Continued) 


tACC 2 ^ VVR to Data Valid 

5 




1500 


-j 

1600 

ns 

tRD/ Read Pulse Width 

5 


100 



120 



ns 

^WRL/ to RDi 

6 


0 



0 



ns 

t|NTH/ RD^ to INTI 

5 


10 


50 

10 


50 

ns 

tRIly RU to INTi 

5 


0 


50 

0 


50 

ns 

tAcci/ D^ta Access Time, 
RDi to Data Valid 

5 


0 


55 

0 


60 

ns 

t|D, Data Access Time, 

INTI to Data Valid 

5 


0 


55 

0 


60 

ns 

tiH/ toHr RDt to Data High 
Impedance State 

5 

Figure 1 

10 


50 

10 


60 

ns 

tp. Delay Time Between 
Conversions 

5 


300 



300 



ns 


Note 1: Absolute maximum ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless otherwise 
specified are measured with respect to ground. 

Note 2: When the voltage at any pin exceeds the power supply rails (V,n < GND or V|n > Vcc) absolute value of current at that pin 
should be limited to 25mA or less. 

Note 3: -55°C to +125°C operating temperature range devices are 100% tested at temperature extremes with worst-case test conditions. 

0°C to +70°C and -40°C to +85°C operating temperature range devices are 100% tested with temperature limits guaranteed by 100% 
testing, sampling, or by correlation with worst-case test conditions. 

Note 4; Typicals are parametric norm at 25°C. 

Note 5: Parameter guaranteed and 100% production tested. 

Note 6: Parameter guaranteed. Parameters not 100% tested are not in outgoing quality level calculation. 

Note 7: Total unadjusted error includes offset, full scale, linearity, and sample and hold errors. 

Note 8: For -V^^p > \/^^ the digital output code will be 0000 0000. Two on-chip diodes are tied to the analog input which will forward 

conduct for analog input voltages one diode drop below ground or one diode drop greater than the Vcc supply. Be careful, during 
testing at low Vcc levels (4.5V), as high level analog inputs (5V) can cause this input diode to conduct — especially at elevated 
temperatures, and cause errors for analog inputs near full scale. The spec allows lOOmV forward bias of either diode. This means that 
as long as the analog Vi^ or V^pp does not exceed the supply voltage by more than lOOmV, the output code will be correct. To 

achieve an absolute OVqc to 5Vp)c input voltage range will therefore require a minimum supply voltage of 4.900Vqc over temperature 

variations, initial tolerance and loading. 
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Figure 1. High Impedance Test Circuits and Waveforms 


Figure 2. Interrupt Mode Timing 



Figure 3. WR-RD Mode Timing 



Figure 4. RD Mode Timing 
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1.0 FUNCTIONAL DESCRIPTION 

The ML2271 uses a three step flash technique for A/D 
conversion. This technique first performs a 3 bit flash 
conversion on V|n to determine the 3 most significant 
bits (MSB decision). These 3 MSB's are then cycled 
through an internal DAC to recreate the analog input. 
This reconstructed analog input signal from the DAC is 
then subtracted from the Input, and the difference 
voltage is converted by a second 3 bit flash conversion 
providing the next 3 significant bits, called Intermediate 
significant bits (ISB decision). This procedure Is then 
performed again to provide the final 4 least significant 
bits (LSB decision). 


The ML2271 has a true internal sample and hold. The 
internal operat ing s equence Is shown in Figure 5. The 
falling edge of WR opens the S/H sampling switch, 
ends the acquisition time for the analog input, and 
starts the conversion on the internally sample and held 
sign al. Then the MSB, ISB, and LSB decisions are made. 
INT goes low at end of conversi on an d RD controls the 
data outputs. This falling edge of INT also closes the 
sampling switch and starts the acquisition period for 
the next conversion. 



ACQUISITION ISB LSB ACQUISITION 

PERIOD. ISB AND LSB COMPARATORS COMPARATORS PERIOD. ISB AND LSB 


COMPARATORS DECIDING. DECIDING. COMPARATORS 

AUTOZEROED. AUTOZEROED. 


I 

V|N SAMPLING 

I 

iSB 

I 

LSB 

ENDS. MSB 

COMPARATOR 

COMPARATOR 

COMPARATORS 

RESULTS ARE 

RESULTS ARE 

RESULT ARE 

LATCHED. 

LATCHED. 

LATCHED. 




Figure 5. Operating Sequence 


1.1 ANALOG INPUT 

The analog input on the ML2271 behaves differently 
than inputs on conventional converters. The analog 
input current requirements change while the 
conversion is in progress, and the amount of input 
current depends on what cycle the converter Is In. 

The input circuit for the converter is shown in Figure 6A 
with the equivalent input circuit shown In F igure 6B. 
The acquisition pe riod for the S/H starts on INT falling 
edge and ends on WR falling edge. 

The critical period for charging up the analog input 
occurs during the acquisition period and the source of 
the external signal on V|n must adequately charge up 
the analog voltage during this time. To do this, the 
input must settle within the required analog accuracy 
tolerance 100ns before the end of the acquisition period 
so that the sampling capacitors have adequate time to 
store the input signal. If more time is needed due to 
finit e ch arging or settling time of the external source, 
the WR high period can be extended as long as is 
required. 


1.2 SAMPLE AND HOLD 

The ML2271 does not have the limitation of an 
equivalent circuit implemented with a track/hold. An 
internal sample and hold acquires the analog signal, 
holds it internally, and then a conversion is performed 
on the sample and held signal. Since this is a true 
sample and hold function, the ML2271 can sample and 
hold signals with frequencies as high as 150kHz (5) 5V 
(slew rates as high as 2.36V///s) without sacrificing 
conversion accuracy. 

1.3 REFERENCE 

The +Vref and -Vref inputs are the reference voltages 
that determine the full scale and zero input voltages, 
respectively, for the A/D converter. Thus, +Vref defines 
the analog input which produces a full scale output and 
-Vref defines the analog Input which produces an 
output code of all zeroes. The transfer function for the 
A/D converter is shown in Figure 7. 
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+Vref -Vref can be set to any voltage between 
GND and Vco This means that the reference voltages 
can be offset from GND and the difference between 
+Vref and -Vref can be made small to increase the 
resolution of the conversion. Note that the linearity 
error increases when [+Vref - (-Vref)] decreases. 



Figure 6A. Converter Input Circuit 


Rs 3k 

V|N —Vv\-^—VvN-< 


T 

I 


3pF 


I 


25 pF 


Figure 6B. Converter Equivalent Input Circuit 


OUTPUT 

CODE FULL SCALE 



1.4 POWER SUPPLY AND REFERENCE DECOUPLING 

0.1/tF in parallel with 0.01 /tF ceramic disc capacitors are 
recommended to bypass A V^c to GND, as well as D 
Vcc to GND, using the shortest lead lengths possible. 

If ■‘■Vref and -Vref inputs are driven by long lines, they 
should be bypassed by 0.1/iF in parallel with 0.01/iF 
ceramic disc capacitors at the reference input pins. 

1.5 DYNAMIC PERFORMANCE 
1.5.1 SINUSOIDAL INPUTS 

Since the ML2271 has an internal sample and hold, the 
device can digitize high frequency sinusoids with little 
or no signal degradations. Using the Nyquist criteria, 
the highest frequency input to the converter could 
theoretically be 1/2 the sampling rate (fg). Any frequency 
components above fs/2 will be aliased below fs/2. In 
most applications, these aliased components cause 
unacceptable distortion and must be filtered out of the 
input. If the input frequency is too close to fs/2, then 
the requirements on the antialias filter become difficult 
or impossible to realize with standard component and 
tolerances. In most practical applications, the highest 
input frequency has to be limited to 1/3 to 1/4 of fs in 
order to relax the filtering requirements enough to 
make a realizeable antialias filter. 

The maximum sampling rate (f/viAx) fof the ML2271 can 
be calculated as follows: 

f =_ 1 _ 

tcONV + tp 


1.45//S + 0.300/US 
fmax “ 570kHz 
twR = Write Pulse Width 
twRD “ Write to Data Delay 
tp = Delay Time between Conversions 

Note that the dynamic performance specifications (SNR, 
FID, IMD, and FR) for the ML2271 are all specified at 
150kHz, which is less than 1/3 of the sampling rate, fs. 
This allows adequate margin between the input 
frequency and the aliased components to allow antialias 
filtering if needed. 

In applications where aliased frequency components 
are acceptable and filtering of the input signal is not 
needed, the user can apply an input sinusoid higher 
than 150kHz to the device. Note, however, that as the 
input frequency increases above 150kHz, dynamic per¬ 
formance degradation will occur due to the finite 
bandwidth of the internal sample and hold. 


Figure 7. A/D Transfer Characteristic 
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1.5.2 SIGNAL-TO-NOISE RATIO 

Signal-to-noise ratio (SNR) is the measured signal to 
noise at the output of the converter. The signal is the 
rms magnitude of the fundamental. Noise is the rms 
sum of all the nonfundamental signals up to half the 
sampling frequency. SNR is dependent on the number 
of quantization levels used in the digitization process; 
the more the levels, the smaller the quantization noise. 
The theoretical SNR for a sine wave is given by 

SNR = (6.02N + 1.76) dB 

where N is the number of bits. Thus for ideal 10-bit 
converter, SNR = 61.96 dB. 


1.6.1 INTERRUPT MODE 

Timing for the Interrupt Mode is shown in Figure 2. To 
do a conversion, CS must be low to select the device. 
INT falli ng e dge starts the acquisition period. The falling 
edge of WR ends the acquisition period and the MSB 
comparison is made. Then, the (Intermediate Significant 

Bits) ISB and LSB decisions are made with internal_ 

timing signals. After the conversion is complete, INT 
goes low indicating end of conversion. When RD goes 
low, DB0-DB9 goes from high impedance to the a ctive 
state with the digital result of the conversion. INT is 
reset high and DB0-DB9 is reset to high impedance on 
the rising edge of RD. 


1.5.3 HARMONIC DISTORTION 


Ffarmonic distortion is the ratio of the rms sum of 
harmonics to the fundamental. Total harmonic 
distortion (THD) of the ML2271 is defined as 


20 log = 


(V22 + V32 + V42 + Vs^)^/^ 


Vi 


where is the rms amplitude of the fundamental and 
^ 2 / V 3 , V 4 , V 5 are the rms amplitudes of the individual 
harmonics. 


1.5.4 INTERMODULATION DISTORTION 

With inputs consisting of sine waves at two frequencies, 
fA and fs, any active device with nonlinearities will 
create distortion products, of order (m + n), at sum and 
difference frequencies of mfA + nfe, where m, n = 0 , 1 , 
2 , 3 . . . Intermodulation terms are those for which m 
or n is not equal to zero. The (IMD) intermodulation 
distortion specification includes the second order terms 
(fA + fe) and (fA - fe) and the third order terms 
( 2 fA + U ( 2 fA - U (fA + 2 fB), and (fA - 2 fB) only. 

1.6 DIGITAL INTERFACE 

Depending on the way the external signals are applied 
to the ML2271, the timing of the conversion and 
resultant digital interface can be configured in three 
different modes. 

While the operation for each mode is described below, 
there are some general ru les that dictat e the general 
relationships betwe en C S, WR, RD, INT, and DB0-DB9. 
The falling edge of WR terminate s the acquisition 
period and initiates a conversion. INT is for ced low 
when a conversion is internally completed. INT is reset 
high by the RD rising edge. DB0-DB9 is in the h igh 
impedance state except when both RD and INT are 
low. RD low period does not affect the internal 
conversion but only determines when the digital signals 
DB0-DB9 are active; thus, RD can occur anytime. GS is 
used to se lect the device and needs to be low only 
while WR is low or when RD is low. 


Interrupt Operation is intended to b e use d in interrupt 
driven systems or applications where INT signals the 
transfer of data. 

1.6.2 WRITE-READ MODE 

Write-Read Operation is the same as Interrupt 
Operation except that RD is brought lo w bef ore the 
Internal conversion is completed (before INT goes low). 

Timing for Write-Read Operation is shown in Figure 3. 
To perf orm a conversion, CS must be low to select the 
device. INT falling edge starts the acquisition period. 
The falling edge of WR ends the acquisition period and 
the MSB decision is made. Then, the ISB and LSB 
decisions are made by internal timing signals. In this 
mode, RD is brought low before the internal 
conversion is com pleted. When the internal conversion 
is completed, INT will be forced low and data will 
appear on DB0-DB9 as long as RD is still low. INT is 
reset high and DB0-DB9 is reset to high impedance on 
the rising edge of RD. 

Write-Read Operation is intended for applications 
where RD controls the transfer of data to a 
microprocessor. 

1.6.3 READ MODE 

Rea d Mode Operation is impl emented by tying RD to 
WR and keeping RD and WR low long enough so that 
the conversion time is totally determined by the 
internal timing signals. 

Timing for the Read Mode is shown in Figure 4. To do 
a conve rsion , CS must be low to select the device. The 
RD and WR falling edge starts the conversion. 

RD and WR is held low for the entire internal 
conversion. Thus, the MSB, ISB, and LSB comparisons 
along with the end of the acquisition period are made 
by internally generated timin g signals. After t he 
conversion is complete, INT goes low. Since RD is fixed 
low, DB0-DB9 will g o from hi gh im pedance to active 
state as soon as INT goes low. INT is reset high and 
DB0 -DB9 is reset to high impedance on rising edge of 
WR and RD. 
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Read Mode Operation allows a conversion to be done 1.6.4 POWER-ON RESET 

with the device's own internal timing and thus, no When power is first applied, ^internal power-on reset 

external timing is needed. (jmec circuit inhibits the CS input and resets the 

internal circuitry to prevent the ML2271 from starting in 
an u nkno wn state. During this period of approximately 
50/is, INT remains high and the data bus is in the high- 
impedance state. 


2.0 TYPICAL APPLICATIONS 


5V 



0 < VtN ^ Vcc ( 


ML2271 

A Vcc 


J 1. r 


-VreF 

GNDl 


.l^fF .-p.OI/uF 




fi 


Figure 8. Protecting the Input 


Figure 9. Using V^c as Reference for Ratiometric 
Operation 



Figure 10. Using External Reference of D/A 
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2.0 TYPICAL APPLIGATIONS (Continued) 



Figure 11. 68000 Type Interface to ML2271 Figure 12. +2.5V Analog Input Range 


Vref 



Figure 13. Simultaneous Sampling of Two Variables 
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ORDERING INFORMATION 


PART NUMBER 

LINEARITY ERROR 

TEMPERATURE 

RANGE 

PACKAGE 

ML2271BMJ 

±1/2 LSB 

-55°C to +125°C 

HERMETIC DIP (J20) 

ML2271BIJ 


-40°C to +85°C 

HERMETIC DIP (J20) 

ML2271BCP 


0°C to +70°C 

MOLDED DIP (P20) 

ML2271BCS 


0°C to +70°C 

MOLDED SOIC (S20) 

ML2271CMJ 

±1 LSB 

-55°C to +125°C 

HERMETIC DIP (J20) 

ML2271CIJ 


-40°C to +85°G 

HERMETIC DIP (J20) 

ML2271CCP 


0®C to +70®C 

MOLDED DIP (P20) 

ML2271CCS 


0°C to +70°C 

MOLDED SOIC (S20) 
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_ ML2280, ML2283 

Serial I/O 8-Bit A/ D Converters 


GENERAL DESCRIRTION 

The ML2280 and ML2283 are 8-bit successive approximation 
A/D converters with serial I/O and configurable input 
multiplexers with up to 4 input channels. 

All errors of the sample-and-hold incorporated on the 
ML2280 and ML2283, are accounted for in the analog-to- 
digital converters accuracy specification. 

The voltage reference can be externally set to any value 
between GND and Vqq, thus allowing a full conversion over 
a relatively small voltage span if desired. 

The ML2283 is an enhanced double polysilicon CMOS pin 
compatible second source for the ADC0833 A/D converter. 
All parameters are guaranteed over temperature with a 
power supply voltage of 5 V ± 107o. 


FEATURES 

■ Conversion time 6iJ.s 

■ ML2280 capable of digitizing a 5 V, 40 kHz sine wave 

■ Total unadjusted error with external 

reference ±V 2 LSBor ±1LSB 

■ Sample-and-hold 375 ns acquisition 

■ Oto 5V analog input range with single 5V power 
supply 

■ 2.5 V reference provides 0 to 5 V analog input range 

■ No zero or full-scale adjust required 

■ Low power 12.5 mW MAX 

■ Analog input protection 25 mA (min) per input 

■ Differential analog voltage inputs 

■ 0.3" width 8- or 14-pin DIP 

■ 4-channel input MUX option 

■ Superior pin compatible replacement for ADC0833 


BLOCK DIAGRAMS 


ML2280 


ML2283 
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Pl|^ CONNECTIONS 

ML2280 Single Differential Input 

8-PIN DIP 

«[ 1 8 ]Vcc 

V|N(+)[ 2 7 ]CLK 

V|n(-) [3 6] do 

GND [4 5 n Vref/2 


TOP VIEW 


PIN DESCRIPTION 


NAME 

FUNCTION 

NAME 

FUNCTION 

Vcc 

Positive supply. 5 volts ± 10% 

SARS 

Successive approximation register 

DGND 

Digital ground. 0volts. All digital 
inputs and outputs are referenced 
to this point. 


status. Digital output which indi¬ 
cates that a conversion is in pro¬ 
gress. When SARS goes to C the 
sampling window is closed and 

AGND 

Analog ground. The negative refer¬ 
ence voltage for A/ D converter. 


conversion begins. When SARS 
goes to 0, conversion is com¬ 

GND 

Combined analog and digital 
ground. 


pleted. When CS = 1, SARS is in 
high impedance state. 

CHO, V|N+, V|N- 

Analog inputs. Digitally selected to 
be single ended (V||s|) or; V|N-H or 

CLK 

Clock. Digital input which clocks 
data in on Dl on rising edges and 


V|N- of a differential input. Analog 
range = GND<V|n<Vcc 


out on DO on falling edges. Also 
used to generate clocks for A/ D 

VreF/2 

Reference. The analog input range 


conversion. 


is twice the positive reference 
voltage value applied to this pin. 

Dl 

Data input. Digital input which 
contains serial data to program the 

v+ 

Input to the Shunt Regulator. 


MUX and channel assignments. 

DO 

Data out. Digital output which 
contai ns resu It of A / D conversion. 

The serial data is clocked out on 
falling edges of CLK. 


Chip select. Selects the chip for 
multiplexer and channel assign¬ 
ment and A/D converison. When 
CS = T all digital outputs are in high 
impedance state. When CS = 0, 
normal A/D conversion takes 
place. 
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ABSOLUTE MAXIMUM RATINGS 

(Note 1) 


Current into V + .15 mA 

Supply Voltage, Vcc .6.5 V 

Voltage 

Logic Inputs . -7VtoVcc+7V 

Analog Inputs . -0.3Vto Vcc+0.3V 

Input Current per Pin (Note 2) . ±25mA 

Storage Temperature. -65°Cto+150°C 

Package Dissipation 

at Ta = 25°C (Board Mount) . 800mW 

Lead Temperature (Soldering 10 sec.) 

Dual-ln-Line Package (Molded) . 260°C 

Dual-1 n-Line Package (Ceramic) . 300°C 


OPERATING CONDITIONS 


Supply Voltage, Vcc .4.5VDcto6.3VDc 

Temperature Range (Note 3) . Tmin<Ta<Tmax 

ML2280BMj, ML2283BMJ .. -55°Cto -^125°C 

ML2280B1J, ML2283B1J . -40°Cto-h85°C 

ML2280C1J, ML2283C1J 

ML2280BCP, ML2283BCP .0°Cto-f70°C 

ML2280CCP, ML2283CCP 


ELECTRICAL CHARACTERISTICS 

Unless otherwise specified Ta=Tmin to TmaX/ Vcc=3V±107o, fcLK= 1*333MHz, and Vref/2 = 2.5V. 





ML2280B, ML2283B 

ML2280C, ML2283C 


PARAMETER 

NOTES 

CONDITIONS 

MIN 

TYP 
NOTE 4 

MAX 

MIN 

TYP 
NOTE 4 

MAX 

UNITS 


CONVERTER AND MULTIPLEXER CHARACTERISTICS 


Total Unadjusted Error 

5,7 

Vref/2 = 2.5V 

Vref /2 not Connected 



± 1/2 

±2 



±1 . 
±2 

LSB 

LSB 

Reference Input 
Resistance, Vref /2 

5 


3 

5 

7.5 

3 

5 

7.5 

kQ 

Common-Mode Input 
Range 

5,8 


GND 

-0.05 


Vcc 

-fO.05 

GND 

-0.05 


Vcc 

+0.05 

V 

DC Common-Mode 
Error 

6 

Common Mode 

Voltage GND to Vcc /2 


±Vl6 

± V 4 

„ 

±Vl6 

± V 4 

LSB 

AC Common-Mode 
Error 

6 

Comon Mode Voltage 
GND to Vcc/ 

Oto 50 kHz 



± V 4 



± V 4 

LSB 

DC Power Supply 
Sensitivity 

6 

Vcc = 5V±107o 
Vref<Vcc+0.1V 


± V 32 

± V 4 


±V32 

± V 4 

LSB 

AC Power Supply 
Sensitivity 

6 

100 mVp.p, 25 kHz Sine 
on Vcc 



± V 4 



± V 4 

LSB 

Change in Zero Error 
from Vcc = 5 V to 1 nter- 
nal Zener Operation 

6 

15 mA into V + 

Vcc = N.C. 

Vref/2 = 2.5V 


± 1/2 



± 1/2 


LSB 

Vz, Internal Diode 
Regulated Breakdown 
(atV-f) 


15 mA into V-F 


6.9 



6.9 


V 

V-i- Input Resistance 

5 


20 

35 


20 

35 


kQ 

•off/ Off Channel 
Leakage Current 

5,9 

On Channel=Vcc 

Off Channel =0V 

-1 



-1 



pA 

On Channel=0V 

Off Channel = Vcc 



+1 



+1 

IjlA 

lon/ On Channel 
Leakage Current 

5,9 

On Channel ==0V 

Off Channel = Vcc 

-1 



-1 



mA 

On Channel=Vcc 

Off Channel=0V 



-Fl 



+1 . 

pA 


Micro Linear 


2-155 




















ML2280, ML2283 


ELECTRICAL CHARACTERISTICS (Continued) 

Unless otherwise specified Ta=Tmin to TmaX/ Vcc = 5V±107o, fcLK= 1-333MHz, and Vref /2 = 2.5V. 






TYP 


LIMIT 

PARAMETER 

NOTES 

CONDITIONS 

MIN 

NOTE 4 

MAX 

UNITS 


DIGITAL AND DC CHARACTERISTICS 


V|N(i)/ Logical "1" Input 

Voltage 

5 


2.0 


! 

V 

V|N( 0 )^ Logical "0" Input 
Voltage 

5 




0.8 

;v 

l|N(i)/ Logical "V' Input Current 

5 

z 

> 



1 

mA 

liN( 0 )/ Logical "0" Input 

Current 

5 

V,N = 0V 

-1 



IaA 

VouT(i)r Logical "V' Output 
Voltage 

■ 5 

ioUT="‘2mA 

4.0 



V 

VouT(O)^ Logical "0" Output 
Voltage 

5 

Iqut = 2 mA 



0.4 

V 

Iqut/ Hi-Z Output 

Current 

5 

^OUT=^t)V 

VouT = Vcc 

-1 


1 

fuA 

juA 

IsouRCE' Output Source 
Current 

5 

VoUT = 0V 

-6.5 



mA 

IsiNK/ Output Sink Current 

5 

VoUT = Vcc 



8.0 

mA 

Icc/Supply Current 

5 



1.3 

2.5 

mA 


AC ELECTRICAL CHARACTERISTICS 


fcLK/ Clock Frequency 

5 


10 


1333 

kHz 

Iacq/ Sample-and-Hold 
Acquistion 




1/2 


1/fcLK 

tc, Conversion Time 


Not including MUX 
Addressing Time 


8 


1/fcLK 

SNR, Signal to Noise Ratio 
ML2280 

12 

ViN=40kHz,5VSine. 

fcLK=l-333MHz 

(fsAMPLiNG-120kHz). 

Noise is Sum of All 
Nonfundamental 
Components up to Vz of 
fsAMPLING 


47 

r 

dB 

THD, Total Harmonic 
Distortion ML2280 

12 

V,N=40kHz,5VSine. 

fcLK^l-333MHz 

(fsAMPLING=120 kHz). 

THD is Sum of 2, 3, 4, 5 
Harmonics Relative to 
Fundamental 


-60 


dB 

IMD, Intermodulation 
Distortion ML2280 

12 

ViN=fA+fB-fA=40kHz, 
2,5 V Sine. 

fB = 39.8 kHz, 2.5 V Sine, 
fcLK = 1-333 MHz 

(fsAMPLING=120 kHz). 

IMDis(fA+fB),(fA-fB). 
(2fA+fB), (2fA-fB). 
(fA+2fB), (fA-2fB) Rela¬ 
tives Fundamental 


, -60 

' 

dB 

Clock Duty Cycle 

5,10 


40 


60 

% 

tsETUR CS Falling Edge or Data 
Input Valid to CLK Rising Edge 

5 


130 



ns 

tnoLD/ D^ta Input Valid after 
CLK Rising Edge 

5 


80 



ns 
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ELECTRICAL CHARACTERISTICS (Continued) 

Unless otherwise specified 1^ = Tmin toTMAX/ Vcc = 5\^-'*Q'yo/ fcLK = '1-333 MHz, and Vref /2 = ^-5V 






TYP 


LIMIT 

PARAMETER 

NOTES 1 

CONDITIONS 

MIN 

NOTE 4 

MAX 

UNITS 


AC ELECTRICAL CHARACTERISTICS 


tpdi/ tpdo-CLK Falling Edge to 
Output Data Valid 

5,11 

Cl = 100pF 

Data MSB First 

Data LSB First 


90 

50 

200 

no 

ns 

ns 

hH/ toH/ ~ Rising Edge of CS to 
Data Output and SARS Hi-Z 

6 

Cl = 10 pF, RL = 10 k (see 
High Impedance Test 
Circuits) 


40 

90 

ns 

6 

Cl = 100pF, RL = 2k 


80 

160 

ns 

C||s|, Capacitance of Logic 

Input 




5 


pF 

Cqut/ Capacitance of Logic 
Outputs 




5 


pF 


Note 1: Absolute maximum ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless otherwise 
specified are measured with respect to ground. 

Note 2: When the input voltage (Vin) at any pin exceeds the power supply rails (V|n<GND or V|n >Vcc) the absolute value of current at that 
pin should be limited to 25 mA or less. 

Note 3: - 55°C to +125°C operating temperature range devices are 100% tested at temperature extremes with worst-case test conditions. 0°C 
to 70°C and - 40°C to -i-85°C operating temperature range devices are 100% tested with temperature limits guaranteed by 100% testing, sam¬ 
pling, or by correlation with worst-case test conditions. 

Note 4: Typicals are parametric norm at 25°C. 

Note 5: Parameter guaranteed and 100% production tested. 

Note 6: Parameter guaranteed. Parameters not 100% tested are not in outgoing quality level calculation. 

Note 7: Total unadjusted error includes offset, full-scale, linearity, multiplexer and sample-and-hold errors. 

Note 8: For V|n(-)^ V|n(+) the digital output code will be 0000 0000. Two on-chip diodes are tied to each analog input (See Block Diagram) 
which will forward conduct for analog input voltages one diode drop below ground or one diode drop greater then the V^c supply. Be careful, 
during testing at low V^c levels (4.5 V), as high level analog inputs (5 V) can cause this input diode to conduct-especially at elevated 
temperatures, and cause errors for analog inputs near full-scale. The spec allows 50mV forward bias of either diode. This means that as long as 
the analog V|n or Vrep does not exceed the supply voltage by more than 50mV, the output code will be correct. To achieve an absolute 0 V to 
5V input voltage range will therefore require a minimum supply voltage of 4.950 V^c over temperature variations, initial tolerance and loading. 
Note 9: Leakage current is measured with the clock not switching. . 

Note 10: A 40% to 60% clock duty cycle range insures proper operation at all clock frequencies. In the case that an available clock has a duty 
cycle outside of these limits, the minimum, time the clock is high or the minimum time the clock is low must be at least 300 ns. The maximum 
time the clock can be high or low is 60/us. 

Note 11: Since data, MSB first, is the output of the comparator used in the successive approximation loop, an additional delay is built in (See 
Block Diagram) to allow for comparator response time. 

Note 12: Because of multiplexer addressing, test conditions for the ML2283 is V|im = 30kHz, 5V sine (fsAMPLiNG~89kHz). 
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Figure 1. High Impedance Test Circuits and Waveforms 
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Figure 2. Timing Diagrams 
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CLOCK (CLK) 


CHIP SELECT (CS) 


DATA IN (Dl) 


SAR STATUS (SARS) 


DATA OUT (DO) 


ML2280 Timing 


1 ^J4bb/»yiun 

- jiRfiRR^Rn^nn^m 



ML2283 Timing 


1 2 3 4 5 6 7 


9 10 11 12 13 14 15 16 17 18 19 20 21 


H 

n 




ADDRESS MUX 


START SELECT 

BIT ODD/SIGN BITO 


SGL/DIF SELECT 
BIT1 


SAMPLE-AND-HOLD 
ACQUISITION (Iacq) 


77777777777777777777777777777777777777777777777777^ 

///DON'T CARE (Dl DISABLED UNTIL NEXT CONVERSION CYCLE)//// 


-A/D CONVERSION IN PROCESS- 


-MSB FIRST DATA- 


-LSB FIRST DATA- 


7654321012345 

(MSB) 


Figure 2. Timing Diagrams (Continued) 
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0.01 0.1 
CLCKK FREQUENCY (MHz) 

Figure 3. Linearity Error vs fcLK 




Vcc==5V 
fCLK = 1.333 MHz 




VreF (Vdc) 

Figure 4. Linearity E rror vs Vrff Voltage 





Vcc = 5V 

V|N = 0V 
fCLK = 1.333MHz 
Ta = 25°C 

_^_ 






\ 











0 0.5 1 1.5 2.0 

Vref(Vdc) 

Figure 5. Unadjusted Offset Error vs Vrff Voltage 


2-160 


Micro Linear 









ML2280, ML2283 


13 

□I'Or 


16 

CLK O- 


R 

1 R 1 

1 R 1 R i 

R 


5-BIT SHIFT-REGISTER 
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* SOME OF THESE FUNCTIONS/PINS ARE NOT AVAILABLE WITH ML2280. 


Figure 6. ML2283 Functional Block Diagram 
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1.0 FUNCTIONAL DESCRIPTION 

1.1 Multiplexer Addressing 

The design of these converters utilizes a sample data compar¬ 
ator structure which provides for a differential analog input to 
be converted by a successive approximation routine. 

The actual voltage converted is always the difference be¬ 
tween an assigned input terminal and a input ter¬ 
minal. The polarity of each input terminal of the pair being 
converted indicates which line the converter expects to be 
the most positive. If the assigned input is less than the 
input, the converter responds with an all zeros output 
code. 

A unique input multiplexing scheme has been utilized to 
provide multiple analog channels with software configurable 
single ended, or differential options. 

A particular input configuration is assigned during the MUX 
addressing sequence, prior to the start of a conversion. The 
MUX address selects which of the analog inputs are to be 
enabled and whether this input is single ended or differential. 
In the differential case, it also assigns the polarity of the ana¬ 
log channels. Differential inputs are restricted to adjacent 
channel pairs. For example, channel 0 and channel 1 may be 
selected as a different pair but channel 0 or channel 1 cannot 
act differentially with any other channel. In addition to select¬ 
ing the differential mode, the sign may also be selected. 
Channel 0 may be selected as the positive input and channel 
1 as the negative input or vice versa. This programmability is 
illustrated by the MUX addressing codes shown in Table 1. 

The MUX address is shifted into the converter via the Dl 
input. Since the ML2280 contains only one differential input 
channel with a fixed polarity assignment, it does not require 
addressing. 

Since the input configuration is under software control, It can 
be modified, as required, at each conversion. A channel can 
be treated as a single-ended, ground referenced input for one 
conversion; then it can be reconfigured as part of a differen¬ 
tial channel for another conversion. Figure 7 illustrates these 
different input modes. 


Table 1. ML2283 MUX Addressing 4 Single-Ended or 2 
Differential Channel 

Single-Ended MUX Mode 


MUX Address 

Channel# 

SGL/ 

DIF 

ODD/ 

SIGN 

SELECT 

0 


2 

3 

1 

0 

1 

0 

0 

1 

+ 




1 

0 

1 

1 



-1- 


1 

1 

0 

1 


+ 



1 

1 

1 

1 




-f- 


Differential MUX Mode 


MUX Address 

Channel # 

SGL/ 

DIF 

ODD/ 

SIGN 

SELECT 

0 

1 

2 

3 

1 

0 

0 

0 

0 

1 

+ 




0 

0 

1 

1 



-1- 

- 

0 

1 

0 

1 

- 

-h 



0, 

1 

1 

1 

_1 



-1- 


4 SINGLE-ENDED 



2 DIFFERENTIAL MIXED MODE 



+(-) 


+ 

“"L 

-(+) 


- 

_ 

+(-) 

2- 

+ 


-(+) 

3- 

- 1 - 

AGND 



1 


Figure 7. Analog Input Multiplexer Functional 
Options for ML2283 
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1.2 Digital Interface 

The block diagram and timing diagrams in Figures 2-5 illus¬ 
trate how a conversion sequence is performed. 

A conversion is initiated when CS is pulsed low. This line 
must be held low for the entire conversion. The converter is 
now waiting for a start bit and its MUX assignment word. 

A clock is applied to the CLK input. On each rising edge of 
the clock, the data on D1 is clocked into the MUX address 
shift register. The start bit is the first logic "1" that appears on 
the Dl input (all leading edge zeros are ignored). After the 
start bit, the device clocks in the next 2 to 4 bits for the MUX 
assignment word. 

When the start bit has been shifted into the start location of 
the MUX register, the input channel has been assigned and a 
conversion is about to begin. An interval of V 2 clock period is 
used for sample-and-hold settling through the selected MUX 
channels. The SAR status output goes high at this time to 
signal that a conversion is now in progress and the Dl input is 
ignored. 

The DO output comes out of high impedance and provides a 
leading zero for this one clock period. 

When the conversion begins, the output of the comparator, 
which indicates whether the analog input is greater than or 
less than each successive voltage from the internal DAC, 
appears at the DO output on each falling edge of the clock. 
This data is the result of the conversion being shifted out 
(with MSB coming first) and can be read by external logic or 
IA.P immediately. 

After 8 clock periods, the conversion is completed. The SAR 
status line returns low to indicate this V 2 clock cycle later. 

The serial data is always shifted out MSB first during the con¬ 
version. After the conversion has been completed, the data is 
shifted out a second time with LSB first. The ML2280 data is 
shifted out only once, MSB first. 

All internal registers are cleared when the CS input is high. If 
another conversion is desired, CS must make a high to low 
transition followed by address information. 

The Dl input and DO output can be tied together and con¬ 


trolled through a bidirectional gPl/O bit with one connec¬ 
tion. This is possible because the Dl input is only latched in 
during the MUX addressing interval while the DO output is 
still in the high impedance state. 

1.3 Reference 

The ML2280 and ML2283 are intended primarily for use in 
circuits requiring absolute accuracy. In this type of system, 
the analog inputs vary between very specific voltage limits 
and the reference voltage for the A/ D converter must remain 
stable with time and temperature. For ratiometric applica¬ 
tions, see the ML2281 and ML2284 which have a Vref input 
that can be tied to Vcc- 

The voltage applied to the Vref/2 pin defines the voltage span 
of the analog input (the difference between VIN -t- and V|n -) 
over which the 256 possible output codes apply. A full-scale 
conversion (an all Is output code) will result when the voltage 
difference between a selected input and input is 
approximately twice the voltage at the Vref/2 pin. This inter¬ 
nal gain of 2 from the applied reference to the full-scale input 
voltage allows biasing a low voltage reference diode from the 
5 Vdc converter supply. To accommodate a 5 V input span, 
only a 2.5 V reference is required. The output code changes 
in accordance with the following equation: 

Output Code-256 (Y!NilL:2.Y!NW ) 

\ 2(Vref/2) / 

where the output code is the decimal equivalent of the 8-bit 
binary output (ranging from 0 to 255) and the term Vref/ 2 's 
the voltage to ground. 

The Vref/2 P''^ 's the center point of a two resistor divider 
(each resistor is 10 kQ) connected from Vcc to ground. Total 
ladder Input resistance is the parallel combination of these 
two equal resistors. As shown in Figure 8, a reference diode 
with a voltage less than Vcc/2 can be connected without 
requiring an external biasing resistor if its current require¬ 
ments meet the indicated level. 

The minimum value of Vref/ 2 can be quite small (See Typical 
Performance Curves) to allow direct conversions of trans¬ 
ducer outputs providing less than a 5 Voutput span. Particu- 
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Figure 8. Reference Biasing 
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larcare must betaken with regard to noise pickup, circuit 
layout and system error voltage sources when operating with 
a reduced span due to the increased sensitivity of the con¬ 
verter (1LSB equals Vref/256)- 

1.4 Analog Inputs and Sample/Hold 

An important feature of the ML^280 and ML2283 is that they 
can be located at the source of the analog signal and then 
communicate with a controlling fxP with just a fe\y wires. This 
avoids bussing the analog inputs long distances and thus 
reduces noise pickup on these analog lines. However, in 
some cases, the analog inputs have a large common mode 
voltage or even some noise present along with the valid ana¬ 
log signal. 

The differential input of these converters reduces the effects 
of common mode input noise. Thus, if a common mode 
voltage is present on both "+" and inputs, such as 
60 Hz, the converter will reject this common mode voltage 
since it only converts the difference between " +" and 
inputs. 

The ML2280 and ML2283 have a true sample-and-hold cir¬ 
cuit which samples both and inputs simultane¬ 
ously. This simultaneous sampling with a true S/ H will give 
common mode rejection and AC linearity performance that 
is superior to devices where the two input terminals are not 
sampled at the same instant and where true sample-and-hold 
capability does not exist. Thus, these A/ D converters can 
reject AC common mode signals from DC-50 kHz as well as 
maintain linearity for signals from DC-50kHz. 

The signal at the analog input is sampled during the interval 
when the sampling switch is closed prior to conversion start. 
The sampling window (S/H acquisition time) is V 2 CLK per¬ 
iod wide and occurs V 2 CLK period before DO goes from 
high impedance to active low state. When the sampling 
switch closes at the start of the S/H acquisition time, 8pF of 
capacitance is thrown onto the analog input. V 2 CLK period 
later, the sampling switch is opened and the signal present at 
the analog input is stored. Any error on the analog input at 
the end of the S/H acquisition time will cause additional 
conversion error. Care should be taken to allow adequate 
charging or settling time from the source. If more charging or 
settling time is needed to reduce these analog input errors, a 
longer CLK period can be used. 

For latch-up immunity each analog input has dual diodes to 
the supply rails, and a minimum of ±25 mA (± 100mA typi¬ 
cally) can be injected into each analog input without causing 
latch-up. 

1.5 Zero Error Adjustment 

The zero of the A/D does not require adjustment. If the mini¬ 
mum analog input voltage value, Vinmin's not ground, a 
zero offset can be done. The converter can be made to out¬ 


put 00000000 digital code for this minimum input voltage by 
biasing any Vin - input at this Vinmin value. This utilizes the 
differential mode operation of the AID. 

The zero error of the A/D converter relates to the location of 
the first riser of the transfer function and can be measured by 
grounding the V|n - input and applying a small magnitude 
positive voltage to the V|fsj 4 - input. Zero error is the difference 
between the actual DC input voltage which is necessary to 
just cause an output digital code transition from 00000000 to 
00000001 and the ideal V 2 LSB value (V 2 LSB = 9.8 mV for 
Vref/2 = 2.500Vdc). 

1.6 Full-Scale Adjustment 

The full-scale adjustment can be made by applying a differen¬ 
tial input voltage which is 1V 2 LSB down from the desired 
analog full-scale voltage range and then adjusting the magni¬ 
tude of the Vref/ 2 input for a digital output code which is just 
changing from 11111110 to 11111111. 

1.7 Adjustment for an Arbitrary Analog Input Voltage 
Range 

If the analog zero voltage of the A/D is shifted away from 
ground (for example, to accommodate an analog input signal 
which does not go to ground), this new zero reference should 
be properly adjusted first. A V|n + voltage which equals this 
desired zero reference plus V 2 LSB (where the LSB is calcu¬ 
lated for the desired analog span, 1 LSB = analog span /256) is 
applied to selected "-f" input and the zero reference voltage 
at the corresponding input should then be adjusted to 
just obtain the 00000000 to 00000001 code transition. 

The full-scale adjustment should be made by forcing a 
voltage to the V|N-I- input which is given by: 

V|N + fs adjust = Vmax-'I-5*[(Vmax-Vmin)/ 256] 
where Vmax = high end of the analog input range 

Vmin = low end (offset zero) of the analog range 

The Vref or Vcc voltage is then adjusted to provide a code 
change from 11111110 to 11111111. 

1.8 Shunt Regulator 

A unique feature of the ML2283 is the inclusion of a shunt 
regulator connected from V+ terminal to ground which also 
connects to the Vcc terminal (which is the actual converter 
supply) through a silicon diode as shown in Figure 9. When 
the regulator is turned on, the V - 1 - voltage is clamped at 11 
Vbe set by the internal resistor ratio. The typical l-V curve of 
the shunt regulator is shown in Figure 10. It should be noted 
that before V-i- voltage is high enough to turn on the shunt 
regulator (which occurs at about 5.5 V), 35 kQ of resistance is 
observed between V- 1 - and GND. When the shunt regulator 
is not used, V+ pin should be either left floating or tied to 
GND. The temperature coefficient of the regulator is 
-22mV/°C. 
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2.0 APPLICATIONS 


8051 Interface and Controlling Software 




Figure 9. Shunt Regulator 


1 + 



Figure 10. I-V Characteristic of the 
Shunt Regulator 


Mnemonic | 

Instruction 

START 

ANL 

PI, #0F7H 

;SELECTA/D 
(CS =0) 


MOV 

B,#5 

;BIT COUNTER 5 


MOV 

A, #ADDR 

;A ^ MUX BIT 

LOOP 1: 

RRC 

A 

;CY ^ ADDRESS BIT 


JC 

ONE 

JEST BIT 
;BIT = 0 

ZERO; 

ANL 

PI, #0FEH 

;DI ^ 0 


SJMP 

CONT 

;CONTINUE 

;BIT=1 

ONE: 

ORL 

P1,#1 

;D1 ^ 1 

CONT: 

ACALL 

PULSE 

;PULSESK0-* 1 0 


DJNZ 

B, LOOP 1 

;CONTINUE UNTIL DONE 


ACALL 

PULSE 

;EXTRA CLOCK FOR SYNC 


MOV 

B,#8 

;BITCOUNTER ^ 8 

LOOP 2: 

ACALL 

PULSE 

;PULSESK0-^ 1 0 


MOV 

A, PI 

;CY ^ DO 


RRC 

A 



RRC 

A 



MOV 

A,C 

;A ^ RESULT 


RLC 

A 

1 ;A(0) ^ BIT AND SHIFT 


MOV 

C,A 

;C ^ RESULT 


DJNZ 

B, LOOP 2 

;CONTINUE UNTIL DONE 

RETI 



;PULSE SUBROUTINE 

PULSE: 

ORL 

PI, #04 

;SK^1 


NOP 


; DELAY 


ANL 

PI, #0FBH 

;SK^0 


RET 
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APPLICATIONS (Continued) 

ML2283 "Stand-Alone" or Evaluation Circuit 


MUX ADDRESS 



Low-Cost Remote Temperature Sensor 


VcG 

(5Vdc) 
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APPLICATIONS (Continued) 

Protecting the Input 


Vcc 

(5Vdc) 



DIODE CLAMPING IS NOT NEEDED 
IF CURRENT IS LIMITED TO 25mA 



Operating with Ratiometric Transducers 


Vcc 

(5Vdc) 



15% OF Vcc < VxDR < 85% OF Vcc 


Span Adjust: 0V< V,n< 3V 


Vcc 

(5Vdc) 
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APPLICATIONS (Continued) 


Zero-Shift and Span Adjust: 2V<V||si<5V 


Vcc 

(5Vdc) 



Digital Load Cell 

330 



• USES ONE MORE WIRE THAN LOAD CELL ITSELF 

• TWO MINI-DIPS COULD BE MOUNTED INSIDE LOAD CELL 
FOR DIGITAL OUTPUT TRANSDUCER 

• ELECTRONIC OFFSET AND GAIN TRIMS RELAX MECHANICAL 
SPECS FOR GAUGE FACTOR AND OFFSET 

• LOW LEVEL CELL OUTPUT IS CONVERTED IMMEDIATELY FOR 
HIGH NOISE IMMUNITY 
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CLK 


Sampling Rate 111 KHz, Data Rate 1.33 MHz 



START 



\ 


y—^ 



y 


FSR 


\ 


/ 


1 _ 


Interfacing ML2280 to TMS320 Series 
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ORDERING INFORMATION 



ALTERNATE 

TOTAL 

TEMPERATURE 


PART NUMBER 

PART NUMBER 

UNADJUSTED ERROR 

RANGE 

PACKAGE 


SINGLE ANALOG INPUT, 8-PIN PACKAGE 


ML2280BMJ 


±V2LSB 

-55°Cto +125°C 

HERMETIC DIP (J08) 

ML2280BIJ 



-40°Cto+85°C 

HERMETIC DIP (J08) 

ML2280BCP 



0° to +70°C 

MOLDED DIP (P08) 

ML2280CIJ 


±1LSB 

-40°Cto +85°C 

HERMETIC DIP (JOB) 

ML2280CCP 


1 

0°Cto4-70°C 

MOLDED DIP (P08) 


FOUR ANALOG INPUTS, 14-PIN PACKAGE 


ML2283BMJ 

ADC0833BJ 

±V2LSB ! 

-55°Cto +125°C 

HERMETIC DIP (j14) 

ML2283Blj 

ADC0833BCj 


-40°Cto +85°C 

HERMETIC DIP (j14) 

ML2283BCP i 

ADC0833BCN 


0° to +70°C 

MOLDED DIP (P14) 

ML2283Clj 

ADC0833CCj 

±1LSB * 

-40°Cto +85°C 

HERMETIC DIP (J14) 

ML2283CCP 

ADC0833CCN 


0°Cto +70°C 

MOLDED DIP (P14) 
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Serial I/O 8-Bit A/D Converters with 

Multiplexer Options 


GENEBiAL DESCRIFTION 

The ML2281 family are 8-bit successive approximation A/ D 
converters with serial I/O and configurable input multiplex¬ 
ers with up to 8 input channels. 

All errors of the sample-and-hold, incorporated on the 
ML2281 family are accounted for in the analog-to-digital 
converters accuracy specification. 

The voltage reference can be externally set to any value be¬ 
tween GND and Vqo thus allowing a full conversion over a 
relatively small voltage span if desired. 

The ML2281 family is an enhanced double polysilicon CMOS 
pin compatible second source for the ADC0831, ADC0832, 
ADC0834, and ADC0838 A/D converters. The ML2281 series 
enhancements are faster conversion time, true sample-and- 
hold function, superior power supply rejection, improved AC 
common mode rejection, faster digital timing, and lower 
power dissipation. All parameters are guaranteed over 
temperature with a power supply voltage of 5 V ± 107o. 


FEATURES 

■ Conversion time 6 ]lis 

■ Total unadjusted error ± V 2 LSB or ± 1LSB 

■ Sample-and-hold 375 ns acquisition 

■ 2, 4, or 8-input multiplexer options 

■ Oto 5V analog input range with single 5V power 
supply 

■ Operates ratiometrically or with up to 5 V voltage 
reference 

■ No zero or full-scale adjust required 

■ ML2281 capable of digitizing a 5 V, 40 kHz sine wave 

■ Low power 12.5 mW MAX 

■ 0.3" width 8-, 14-, or 20-pin DIP 

■ 20-pin surface mount PCC ML2288 

■ Superior pin compatible replacement for ADC0831, 
ADC0832, ADC0834, and ADC0838 

■ Analog input protection 25 mA (min) per input 


BLOCK DIAGRAMS 

ML2281 ML2288 
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PIN CONNECTIONS 


ML2281 Single Differential Input ML2282 2-Channel MUX 


cs[ 

1 


]Vcc 

csC 

1 

XT— 

8 

V|N(+)[ 

2 

7. 

]CLK 

CH0[ 

2 

7 

V|N(-)[ 

3 

6 

]do 

CHl[ 

3 

6 

gnd[ 

4 

5 

] Vref 

cnd[ 

4 

5 


ML2284 4-Channel MUX ML2288 8-Channel MUX 

14-PIN DIP 20-PIN PCC 

V + 

cs 

CHO 
CHI 
CH2 
CH3 
DGND 


1 

14 

2 

13 

3 

12 

4 

11 

5 

10 

6 

9 

7 

8 


CH2 CHlCHOVcc V + 


h AGND 


^ 3 2 1 2019 

4 18 

5 17 

6 16 

u u uu u 


CH3C 

CH4i: 

CHs: 

CH6C 


ICS 

3DI 

:CLK 

DSARS 

:do 


COM DGND 1 Vref sE 
AGND 


ML2288 8-Channel MUX 

20-PIN DIP 

CHO 
CHI 
CH2 
CH3 
CH4 
CHS 
CH6 
CH7 
COM 
DGND 


-C7- 

1 

20 

2 

19 

3 

18 

4 

17 

5 

16 

6 

15 

7 

14 

8 

13 

9 

12 

10 

11 


]DI 

]CLK 

]SARS 

]do 


P AGND 


TOP VIEW 


TOP VIEW 


TOP VIEW 


PIN DESCRIPTION 


NAME FUNCTION NAME 


Vcc 

Positive supply. 5 volts ±10% 

DO 

DGND 

Digital ground. Ovolts. All digital 
inputs and outputs are referenced 
to this point. 


AGND 

Analog ground. The negative refer¬ 
ence voltage for A / D converter. 

SARS 

CHO-7, V|N+, V,N- 

Analog inputs. Digitally selected to 
be single ended (V|n) or; V|n + or 

V|N- of a differential input. Analog 
range = GND<V|n<Vcc 


COM 

Common reference point for ana¬ 
log inputs. A/D conversion is 



performed on voltage difference 
between analog input and this 
common reference point if single¬ 
end conversion is specified. 

CLK 

Vref 

Reference. The positive reference 



voltage for A/ D converter. 

Dl 

SE 

Shift enable. Input controls 
whether LSB first bit stream is 


shifted out on serial output DO. If 

SE = 1, MSB first is shifted out only. 

If SE=0, an MSB first bit stream is 
shifted out, then a second bit 
stream with LSB first is shifted out 
after end of conversion. 

CS 

V-F 

Input to the Shunt Regulator. 



Micro Linear 


FUNCTION 

Data out. Digital output which 
contains result of A/D conversion. 
The serial data is clocked out on 
falling edges of CLK. 

Successive approximation register 
status. Digital output which indi¬ 
cates that a conversion is in pro¬ 
gress. When SARS goes to 1, the 
sampling window is closed and 
conversion begins. When SARS 
goes to 0, conversion is com¬ 
pleted. When CS = 1, SARS is in 
high impedance state. 

Clock.Digital input which clocks 
data in on Dl on rising edges and 
out on DO on falling edges. Also 
used to generate clocks for A / D 
conversion. 

Data input. Digital input which 
contains serial data to program the 
MUX and channel assignments. 
Chip select. Selects the chip for 
multiplexer and channel assign¬ 
ment and A/ D converison. When 
CS = 1, all digital outputs ^ in high 
impedance state. When CS = 0, 
normal A/ D conversion takes 
place. 
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ABSOLUTE MAXIMUM RATINGS 

OPERATING CONDITIONS 

(Note 1) 




Current into V-i- . 

. 15 mA 

Supply Voltage, V(3(3 . 

.4.5VDcto6.3VDc 

Supply Voltage, Vcc . 

.6.5V 

Temperature Range (Note 3) . 

. iMIN"^ ImAX 

Voltage 


ML2281/2/4/8BMJ . 

. -55°Cto+125°C 

Logic Inputs . 

. -7VtoVcc+7V 

ML2281/2/4/8CMJ 


Analog Inputs . 

. .. -0.3VtoVcc+0.3V 

ML2281/2/4/8BIJ . 

. -40°Cto+85°C 

Input Current per Pin (Note 2) . 

. +25mA 

ML2281/2/4/8CIJ 


Storage Temperature . 

. -65°Cto+150°C 

ML2281/2/4/8BCP . 

.0°Cto +70° C 

Package Dissipation 


ML2281/2/4/8CCP 


at Ta = 25°C (Board Mount) . 

. 800 mW 



Lead Temperature (Soldering 10 sec.) 




Dual-In-Line Package (Molded) . 

. 260°C 



Dual-In-Line Package (Ceramic) . 

. 300°C 



Molded Chip Carrier Package 




Vapor Phase (60 sec.) . 

.215°C 



Infrared (15 sec.) . 

. 220°C 



ELECTRICAL CHARACTERISTICS 




Unless otherwise specified Ta = Tmin to TmaX/ Vcc = Vref = 5V±107o, and fcLK = l-333MHz 





ML2281B, ML2282B 
ML2284B, ML2288B 

ML2281C, ML2282C 
ML2284C, ML2288C 


PARAMETER 

NOTES 

CONDITIONS 

MIN 

TYP 
NOTE 4 

MAX 

MIN 

TYP 
NOTE 4 

MAX 

UNITS 


CONVERTER AND MULTIPLEXER CHARACTERISTICS 


Total Unadjusted Error 

5, 7 

Vref=Vcc 



± 1/2 



±1 

LSB 

Reference Input 
Resistance 

5,8 


6 

10 

15 

6 

10 

15 

kQ 

Common-Mode Input 
Range 

5,9 


GND 

-0.05 


7cc 

+0.05 

GND 

-0.05 


7cc 

+0.05 

V 

DC Common-Mode 
Error 

6 

Common Mode 

Voltage GND to Vccii 


±Vl6 

± 1/4 


± 1 / 1 6 

± 1/4 

LSB 

AC Common-Mode 
Error 

6 

Comon Mode Voltage 
GND to '^cci 2 

0 to 50 kHz 



± 1/4 



± 1/4 

LSB 

DC Power Supply 
Sensitivity 

6 

Vcc = 5V±107o - 
V ref ^ 7(3(3 V 


±1/32 

± 1/4 


± 1/32 

± 1/4 

LSB 

AC Power Supply 
Sensitivity 

6 

lOOmVp.p, 25 kHz sine 
on V( 3(3 



± 1/4 



± 1/4 

LSB 

Change in Zero Error 
from Vcc = 5V to Inter¬ 
nal Zener Operation 

6 

15 mA into V + 

Vcc = N.C. Vref = 5V 


±1/2 



± 1/2 


LSB 

Vz, Internal Diode 
Regulated Breakdown 
(atV+) 


15 mA into V + 


6.9 



6.9 


V 

V+ Input Resistance 

5 


20 

35 


20 

35 


kQ 

loff/ Off Channel 
Leakage Current 

5,10 

On Channel=Vcc 

Off Channel =0V 

-1 



-1 



luA 

On Channel = 0V 

Off Channel=V( 3(3 



+1 



+1 

prA 

Iqd/ On Channel 
Leakage Current 

5,10 

OnChannel = 0V 

Off Channel =V( 3(3 

-1 



-1 



pA 

On Channel = Vcc 

Off Channel = 0V 



+1 



+1 

pA 
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ELECTRICAL CHARACTERISTICS (Continued) 

Unless otherwise specified Ta = Tmin to Tmax/ Vcc = Vref^5V±107o, and fcLK = ^-333MI-lz 





ML2281B, ML2282B 
ML2284B, ML2288B 

ML2281C, ML2282C 
ML2284C, ML2288C 


PARAMETER 

NOTES 

CONDITIONS 

MIN 

TYP 
NOTE 4 

MAX 

MIN 

TYP 

NOTE 4 MAX 

UNITS 


DIGITAL AND DC CHARACTERISTICS 


V,N(i), Logical "1" 

Input Voltage 

5 


2.0 



2.0 



; V 

V|N( 0 )/ Logical "0" 

Input Voltage 

5 




0.8 



0.8 

- V . 

Logical "1" Input 
Current 

5 

< 

z 

II 

n 



1 



1 

fuA 

liN( 0 )/ Logical "0" Input 
Current 

5 

> 

o 

z 

> 

-1 



-1 



fuA 

VouT(i)^ Logical "1" 
Output Voltage 

5 

louT= -2 mA 

4.0 



4.0 



V 

VouT(O)^ Logical "0" 
Output Voltage 

5 

louT = 2mA 



0.4 



0.4 

V 

IquT' Hi-Z Output 
Current 

5 

VouT=0V 

VouT = Vcc 

-1 


1 

-1 


1 

mA 

hA 

IsouRCE' Output 

Source Current 

5 

> 

o 

0 

> 

-6.5 



-6.5 



mA 

IsiisiK, Output Sink 
Current 

5 

VoUT = Vcc 



8.0 



8.0 

mA 

l( 3 C, Supply Current 
ML2281, ML2284, 
ML2288 

5 



1.3 

2.5 


1.3 

2.5 

mA 

ML2282 

5 

Includes Ladder 

Current 


1.8 

3.5 


1.8 

3.5 

mA 






TYP 


LIMIT 

PARAMETER 

NOTES 

CONDITIONS 

MIN 

NOTE 4 

MAX 

UNITS 


AC ELECTRICAL CHARACTERISTICS 


fcLK/ Clock Frequency 

5 


10 


1333 

kHz 

tACQ/ Sample-and-Hold 
Acquistion 




: Vi 


l/fcLK 

t^, Conversion Time 


Not including MUX 
Addressing Time 


8 


'/fcLK 

SNR, Signal to Noise Ratio 
ML2281 

12 

V|N = 40kHz, 5V Sine. 
fcLK = 1-333 MHz 

(fsAMPLING-120kHz). 

Noise is Sum of All 
Nonfundamental 
Components up to V 2 of 
fsAMPLING 


47 


dB 

THD, Total Flarmonic 
Distortion ML2281 

12 

V|N = 40kHz, 5VSine. 
fcLK = 1-333 MHz 

(fsAMPLlNG-120kHz). 

THD is Sum of 2, 3, 4,5 
Harmonics Relative to 
Fundamental 


-60 


dB 
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ELECTRICAL CHARACTERISTICS 

Unless otherwise specified Ta = Tmin to T/v^aX/ Vcc = Vref = 5V ±107o, and fcLK"=^-333MHz 






TYP 


LIMIT 

PARAMETER 

NOTES 

CONDITIONS 

MIN 

NOTE 4 

MAX 

UNITS 


AC ELECTRICAL CHARACTERISTICS (Continued) 


IMD, Intermodulation 
Distortion ML2281 

12 

V|N = fA+fB- U = 40kHz, 
2.5 V Sine. 

fB = 39.8kHz, 2.5 V Sine, 
fcLK = l-333MHz 

(fsAMPLINC-^20kHz). 

IMD is (fA+ffi), (fA-fe). 
(2fA+fB), (2fA-fB). 
(fA+2fB), (fA — 2fB) Rela¬ 
tive to Fundamental 


-60 


dB 

Clock Duty Cycle 

5,11 


40 


60 

% 

tsET-uP/ CS Falling Edge or Data 
Input Valid to CLK Rising Edge 

5 


130 



ns 

tnoLD/ Data Input Valid after 
CLK Rising Edge 

5 


80 



ns 

tpdi/ tpdo-CLK Falling Edge to 
Output Data Valid 

5,13 

Cl = 100pF 

Data MSB First 

Data LSB First 


90 

50 

200 

110 

ns 

ns 

Ph/ toH, —Rising Edge of CS to 
Data Output and SARS Hi-Z 

6 

Cl = 10pF, Re == 10 k (see 
High Impedance Test 
Circuits) 


40 

90 

ns 

5 

Cl = 100pF, RL = 2k 


80 

160 

ns 

CiN, Capacitance of Logic 

Input 




5 


pF 

Cqut/ Capacitance of Logic 
Outputs 




5 


pF 


Notel: Absolute maximum ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless otherwise 
specified are measured with respect to ground. 

Note 2: When the input voltage (V|n) at any pin exceeds the power supply rails (V|is|<GND or V||si>Vcc) the absolute value of current at that 
pin should be limited to 25 mA or less. 

Note 3: - 55°C to +125°C operating temperature range devices are 100% tested at temperature extremes with worst-case test conditions. 0°C 
to 70°C and - 40°C to -h85°C operating temperature range devices are 1007o tested with temperature limits guaranteed by 100% testing, 
sampling, or by correlation with worst-case test conditions. 

Note 4: Typicals are parametric norm at 25°C. 

Note 5: Parameter guaranteed and 100% production tested. 

Note 6: Parameter guaranteed. Parameters not 100% tested are not in outgoing quality level calculation. 

Note 7: Total unadjusted error includes offset, full-scale, linearity, multiplexer and sample-and-hold errors. 

Note 8: Cannot be tested for ML2282. 

Note 9; For V|isj(-)>V|n(+) the digital output code will be 0000 0000. Two on-chip diodes are tied to each analog input (see Block Diagram) 
which will forward conduct for analog input voltages one diode drop below ground or one diode drop greater then the Vcc supply. Be careful, 
during testing at low Vcc levels (4.5 V), as high level analog inputs (5V) can cause this input diode to conduct-especially at elevated 
temperatures, and cause errors for analog inputs near full-scale. The spec allows 50 mV forward bias of either diode. This means that as long as 
the analog V|n or Vr^p does not exceed the supply voltage by more than 50 mV, the output code will be correct. To achieve an absolute 0 V to 
5V input voltage range will therefore require a minimum supply voltage of 4.950 V^c over temperature variations, initial tolerance and loading. 
Note 10: Leakage current is measured with the clock not switching. 

Note 11: A 40% to 60% clock duty cycle range insures proper operation at all clock frequencies. In the case that an available clock has a duty 
cycle outside of these limits, the minimum, time the clock is high or the minimum time the clock is low must be at least 300 ns. The maximum 
time the clock can be high or low is 60/iS. 

Note 12: Because of multiplexer addressing, test conditions for the ML2282 would be V|n = 34kHz, 5 V sine (fsAMPLiNC-lO^ kHz); ML2284 
V|N = 32kHz, 5 V sine (fsAMPLiNC~95kHz); ML2288 V|N==30kHz, 5V sine (fsAMPLiNG~S9kHz). 

Note 13: Since data, MSB first, is the output of the comparator used in the successive approximation loop, an additional delay is built in (see 
Block Diagram) to allow for comparator response time. 
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Figure 1. High Impedance Test Circuits and Waveforms 


Data Input Timing Data Output Timing 



ML2281 Start Conversion Timing 



START 

CONVERSION 



BIT 7 BIT 6 

(MSB) 


Figure 2. Timing Diagrams 
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ML22ai Timing 


1 2 3 4 5 6 7 8 9 10 11 

““““ JinjifiruTTiJif^^ 



ML2282 Timing 


1 2 3 4 5 6 7 


9 10 11 12 13 14 15 16 17 18 19 20 


CLOCK (CLK) 


-) k ■ 
1 


tSET-UP 

I 
I 

CHIP SELECT (CS) I ADDRESS MUX 


START ODD/1 

BIT SIGN 


DATA IN (Dl) 


DATA OUT (DO) ■ 


SAMPLE & 
ACQUISITION (tACQ) 


Hl-Z I 
E & HOLD I 
ON(tACO)“^ 


-OUTPUT DATA- 


\\\DON'T CARE (Dl DISABLED UNTIL NEXT CONVERSION CYCLE)\\\ 

AWwwwwwwwwwwwwwwwwwwwuVwwwwwwwwwwwwwwwwwwwWX 


- MSB FIRST DATA- 


-LSB FIRST DATA- 


J Hl-Z 


765432101234567 
(MSB) (LSB) (MSB) 


1 2 3 4 5 6 7 


ML2284 Timing 

9 10 11 12 13 14 15 16 17 18 19 20 


CLOCK (CLK) 


CHIP SELECT (CS) n 




«—tSET-UP I 

I 

ADDRESS MUX I 

START I 

BIT ODD/SICN 


DATA IN (Dl) 


SAR STATUS (SARS) 


DATA OUT (DO) 


SCL/DIF SELECT 
BIT1 


Hl-Z 

SAMPLE & HOLD 
ACQUISITION (tACQ) 




-OUTPUT DATA- 




mmy/m/mw/mm/m/m 

///.DON'T CARE (Dl DISABLED UNTIL NEXT CONVERSION CYCLE)// 


-A/D CONVERSION IN PROCESS- 


-MSB FIRST DATA- 


-LSB FIRST DATA- 


76 5 432101234567 

(MSB) (LSB) (MSB) 


J Hl-Z 


Figure 2. Timing Diagrams (G)ntinued) 
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Vref (Vdc) 



VrefCVdc) 


Figure 4. Linearity Error vs Vr^p Voltage 


Figure 5. Unadjusted Offset Error vs Vrpp Voltage 



*SOME OF THESE FUNCTIONS/PINS ARE NOT AVAILABLE WITH OTHER OPTIONS. 

NOTE 1: FOR THE ML2284 Dl IS INPUT DIRECTLY TO THE D INPUT OF SELECT 1. SELECT 0 IS FORCED TO A " 1 ". FOR THE ML2282, Dl IS INPUT DIRECTLY TO THE D 
INPUT OF ODD/SIGN. SELECT 0 IS FORCED TO A " 1 " AND SELECT 11S FORCED TO A''0". 


Figure 6. ML2288 Functional Block Diagram 
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1.0 FUNCTIONAL DESCRIPTION 

1.1 Multiplexer Addressing 

The design of these converters utilizes a sample data compar¬ 
ator structure which provides for a differential analog input to 
be converted by a successive approximation routine. 

The actual voltage converted is always the difference be¬ 
tween an assigned input terminal and a input ter¬ 
minal. The polarity of each input terminal of the pair being 
converted indicates which line the converter expects to be 
the most positive. If the assigned input is less than the 
input, the converter responds with an all zeros output 
code. 

A unique input multiplexing scheme has been utilized to 
provide multiple analog channels with software configurable 
single ended, differential, or pseudo differential options. The 
pseudo differential option vyill convert the difference be¬ 
tween the voltage at any analog input and a common termi¬ 
nal. One converter package can now accomodate ground 
referenced inputs and true differential inputs as well as signals 
with some arbitrary reference voltage. 

A particular input configuration is assigned during the MUX 
addressing sequence, prior to the start of a conversion. The 
MUX address selects which of the analog inputs are to be 
enabled and whether this input is single ended Or differential. 
In the differential case, it also assigns the polarity of the ana¬ 
log channels. Differential inputs are restricted to adjacent 
channel pairs. For example, channel 0 and channel 1 may be 
selected as a different pair but channel 0 or channel ! cannot 
act differentially with any other channel. In addition to select¬ 
ing the differential mode, the sign may also be selected. 
Channel 0 may be selected as the positive input and channel 
1 as the negative input or vice versa. This programmability js 
illustrated by the MUX addressing codes shown in Tables 1,2, 
and 3. 

The MUX address is shifted into the converter via the Dl 
input. Since the ML2281 contains only one differential input 
channel with a fixed polarity assignment, it does not require 
addressing. 

The common input line on the ML2288 can be used as a 
pseudo differential input. In this mode, the voltage on the 
COM pin is treated as the input for any of the other 

input channels. This voltage does not have to be analog 
ground; it can be any reference potential which is common 
to all of the inputs. This feature is most useful in single supply 
applications where the analog circuitry may be biased at a 
potential other than ground and the output signals are all 
referred to this potential. 

Since the input configuration is under software control, it can 
be modified, as required, at each conversion. A channel can 
be treated as a single-ended, ground referenced input for one 
conversion; then it can be reconfigured as part of a differen¬ 
tial channel for another conversion. Figure 7 illustrates these 
different input modes. 


Table 1. ML2288 MUX Addressing 8 Single-Ended or 4 
Differential Channels 

Single-Ended MUX Mode 


MUX Address 

Analog Single-Ended Channel # | 

SGL/ 

DIF 

ODD/ 

SIGN 

SELECT 

0 

1 

2 

3 

4 

5' 

6 

7 

COM 

1 

0 

1 

0 

0 

0 

+ 








- 

1 

0 

0 

1 



+ 







1 

0 

1 

0 





+ 




- 

1 

0 

1 

1 







■f 



1 

1 

0 

0 


-t- 








1 

1 

0 

1 




-I- 





- 

1 

1 

1 

0 






+ 



- 

1 

1 

1 

1 








+ 

- 


Differential MUX Mode 


MUX Address 

Analog Differential Channel-Pair# | 

SGL/ 

DIF 

ODD/ 

SIGN 

select 

0 

1 

2 

3 

1 

0 

0 

1 

2 

3 

4 

5 

6 

7 

0 

0 

0 

0 

-f 

- 







0 

0 

0 

1 



-1- 

- 





0 

0 

1 

0 





+ 

- 



0 

0 

1 

1 







-1- 

- 

0 

1 

0 

0 

- 

+ 







0 

1 


1 




+ 





0 

1 

1 







-1- 



0 

■1 

—j— 

~r 







- 

+ 


Table 2. ML2284 MUX Addressing 4 Single-Ended or 2 
Differential Channel 

Single-Ended MUX Mode 


MUX Address 

Channel # 

SGL/ 

DIF 

ODD/ 

SIGN 

SELECT 

0 

1 

2 

3 

1 

1 

0 

0 

+ 




1 

0 

1 



.+ 


1 

1 

0 


-1- 



1 

1 

1 




-f 


COM is internally tied to A GND 
Differential MUX Mode 


MUX Address | 

Channel# 

SGL/ 

DIF 

ODD/ 

SIGN 

SELECT 

0 

1 

2 

3 

1 

0 

0 

0 

+ 

- 



0 

0 

1 



+ 

- 

0 

1 

0 

- 

+ 



0 

1 

1 



- 

+ 
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lableS. ML2282 MUX Addressing 2 Single-Ended or 1 
Differential Channel 

Single-Ended MUX Mode 


MUX Address 

Channel # 

SGL/DiF 

ODD/SIGN 

0 

1 

1 

0 

- 1 - 


1 

1 


-H 


COM is internally tied to GND 


Differential MUX Mode 


MUX Address 

Channel # 

SGL/DiF 

ODD/SIGN 

0 

1 

0 

0 

- 1 - 

- 

0 

1 

- 

-H 


8 Single-Ended 8 Pseudo-Differential 


0 - 

+ 

0 - 

+ 

1 - 

+ 

1 - 

+ 

2 - 

+ 

2 - 

+ 

3 - 

+ 

3 - 

+ 

4 - 

+ 

4 - 

+ 

5 - 

+ 

5 - 


6 - 

■f 

6 - - 

+ 


+ 

COM(-) 


+ 

COM(-) 

■4r 


VbiaS 



X 


4 Differential 


Mixed Mode 


0,1 

2,3 

4,5 

6,7 



+ (-) 

- (+) 

0,l{_ 

+ 


+ (-) 

2, 3 1 

+ 

1 

- (+) 

+ (-) 

- (+) 

5 - 

+ 

-F 


+ (-) 

6 - 

+ 


- (+) 

rr“ 

-F 

COM(-) 


VbIAS -=- 


1.2 Digital Interface 

The block diagram and timing diagrams in Figures 2-5 illus¬ 
trate how a conversion sequence is performed. 

A conversion is initiated when CS is pulsed low. This line 
must be held low for the entire conversion. The converter is 
now waiting for a start bit and its MUX assignment word. 

A clock is applied to the CLK input. On each rising edge of 
the clock, the data on Dl is clocked into the MUX address 
shift register. The start bit is the first logic "V' that appears on 
the Dl input (all leading edge zeros are ignored). After the 
start bit, the device clocks in the next 2 to 4 bits for the MUX 
assignment word. 

When the start bit has been shifted into the start location of 
the MUX register, the input channel has been assigned and a 
conversion is about to begin. An interval of V 2 clock period is 
used for sample & hold settling through the selected MUX 
channels. The SAR status output goes high at this time to 
signal that a conversion is now in progress and the Dl input is 
ignored. 

The DO output comes out of High impedance and provides 
a leading zero for this one clock period. 

When the conversion begins, the output of the comparator, 
which indicates whether the analog input is greater than or 
less than each successive voltage from the internal DAC, 
appears at the DO output on each falling edge of the clock. 
This data is the result of the conversion being shifted out 
(with MSB coming first) and can be read by external logic or 
pP immediately. 

After 8 clock periods, the conversion is completed. The SAR 
status line returns low to indicate this V 2 clock cycle later. 

The serial data is always shifted out MSB first during the con¬ 
version. After the conversion has been completed, the data 
can be sjTifted out a second time with LSB first, depending on 
level of SE input. For the case of ML2288, if SE = 1, the data is 
shifted out MSB first during the conversion only. If SE is 
brought low before the end of conversion (which is signalled 
by the high to low transition of SARS), the data is shifted out 
again immediately after the end of conversion; this time LSB 
first. If SE is brought low after end of conversion,_the LSB first 
data is shifted out on falling edges of clock after SE goes low. 
For ML2282 and 2284, SE is internally tied low, so data is 
shifted out MSB first, then shifted o^ a second time LSB first 
at end of conversion. For ML2281, SE is internally tied high, 
so data is shifted out only once MSB first. 

All internal registers are cleared_when the CS input is high. If 
another conversion is desired, CS must make a high to low 
transition followed by address information. 

The Dl input and DO output can be tied together and con¬ 
trolled through a bidirectional pP I /O bit with one connec¬ 
tion. This is possible because the Dl input is only latched in 
during the MUX addressing interval while the DO output is 
still in the high impedance state. 


Figure 7. Analog Input Multiplexer Functional 
Options for ML2288 


Micro Linear 


2-181 












MU281, ML2282, ML2284, ML2288 


1.3 Reference 

The voltage applied to the reference input to these converters 
defines the voltage span of the analog input (the difference 
between V|Nmax and Vi^min) over which the 256 possible 
output codes apply. The devices can be used in either ra- 
tiometric applications or in systems requiring absolute accu¬ 
racy. The reference pin must be connected to a voltage 
source capable of driving the reference input resistance, 
typically 10 k. This pin is the top of a resistor divider string 
used for the successive approximation conversion. 

In a ratiometric system, the analog input voltage is propor¬ 
tional to the voltage used for the A/D reference. This voltage 
is typically the system power supply, so the Vref pin can be 
tied to Vcc- This technique relaxes the stability requirements 
of the system reference as the analog input and A/D refer¬ 
ence move together maintaining the same output code for a 
given input condition. 

For absolute accuracy, where the analog input varies be¬ 
tween specific voltage limits, the reference pin can be biased 
with a time and temperature stable voltage source. 

The maximum value of the reference is limited to the Vcc 
supply voltage. The minimum value, however, can be quite 
small to allow direct conversion of inputs with less than 5 
volts of voltage span. Particular care must be taken with re¬ 
gard to noise pickup, circuit layout and system error voltage 
sources when operating with a reduced span due to the 
increased sensitivity of the converter. 

1.4 Analog Inputs and Sample/Hold 

An important feature of the ML2281 family of devices is that 
they can be located at the source of the analog signal and 
then communicate with a controlling fjiP with just a few 
wires. This avoids bussing the analog inputs long distances 
and thus reduces noise pickup on these analog lines. How¬ 
ever, in some cases, the analog inputs have a large common 
mode voltage or even some noise present along with the 
valid analog signal. 

The differential input of these converters reduces the effects 
of common mode input noise. Thus, if a common mode 
voltage is present on both " -f" and " - " inputs, such as 
60 Hz, the converter will reject this common mode voltage 
since it only converts the difference between and 
inputs. 

The ML228Tfamily have a true sample and hold circuit 
which samples both "-f" and "-" inputs simultaneously. 
This simultaneous sampling with a true 5/ H will give com¬ 
mon mode rejection and AC linearity performance that is 
superior to devices where the two input terminals are not 
sampled at the same instant and where true sample and hold 
capability does not exist. Thus, the ML2281 family of devices 
can reject AC common mode signals from DC-50kHz as well 
as maintain linearity for signals from DC-50kHz. 

The signal at the analog input is sampled during the interval 
when the sampling switch is closed prior to conversion start. 
The sampling window (S/H acquisition time) is V 2 CLK per¬ 
iod wide and occurs V 2 CLK period before DO goes from 
high impedance to active low state. When the sampling 
switch closes at the start of the S/H acquisition time, 8 pF of 


capacitance is thrown onto the analog input. V 2 CLK period 
later, the sampling switch is opened and the signal present at 
the analog input is stored. Any error on the analog input at 
the end of the S/ H acquisition time will cause additional 
conversion error. Care should be taken to allow adequate 
charging or settling time from the source. If more charging or 
settling time is needed to reduce these analog input errors, a 
longer CLK period can be used. 

The ML2281X family has improved latchup immunity. Each 
analog input has dual diodes to the supply rails, and a mini¬ 
mum of +/- 25 mA (-f/ -100mA typically) can be injected 
into each analog input without causing latchup. 

1.5 Dynamic Performance 
Signal-to-Noise-Ratlo 

Signal-to-noise ratio (SNR) is the measured signal-to-noise at 
the output of the converter. The signal is the RMS magnitude 
of the fundamental. Noise is the RMS sum of all the nonfun¬ 
damental signals up to half the sampling frequency. SNR is 
dependent on the number of quantization levels used in the 
digitization process; the more levels, the smaller the quanti¬ 
zation noise. The theoretical SNR for a sine wave is given by 

SNR = (6.02N+1.76)dB 

where N is the number of bits. Thus for ideal 8 -bit converter, 
SNR = 49.92dB. 

Harmonic Distortion 

Harmonic distortion is the ratio of the RMS sum of harmonics 
to the fundamental. Total harmonic distortion (THD) of the 
ML2281 Series is defined as 


(V22+V32-fV42+V52)V2 
20 log -- 


where is the RMS amplitude of the fundamental and V 2 , 
V 3 , V 4 , V 5 are the RMS amplitudes of the individual 
harmonics. 

Intermodulation Distortion 

With inputs consisting of sine waves at two frequencies, fA 
and fe, any active device with nonlinearities will create distor¬ 
tion products, of order (m H-n), at sum and difference frequen¬ 
cies of mfA+nfe, where m, n = 0,1, 2 , 3,.... Intermodulation 
terms are those for which m or n is not equal to zero. The 
(IMD) intermodulation distortion specification includes the 
second order terms (fA+fs) and (fA-fs) and the third order 
terms ( 2 fA-FfB), ( 2 fA-fB), (fA+ 2 fB) and (fA- 2 fB) only. 

1.6 Zero Error Adjustment 

The zero of the A/D does not require adjustment. If the mini¬ 
mum analog input voltage value, V|Nmin is not ground, a 
zero offset can be done. The converter can be made to out¬ 
put 00000000 digital code for this minimum input voltage by 
biasing any V|n - input at this Vjn min value. This utilizes the 
differential mode operation of the A/D. 
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The zero error of the A/ D converter relates to the location of 
the first riser of the transfer function and can be measured by 
grounding the V|n - input and applying a small magnitude 
positive voltage to the Vi^ + input. Zero error is the difference 
between the actual DC input voltage which is necessary to 
just cause an output digital code transition from 00000000 to 
00000001 and the ideal V 2 LSB value (V 2 LSB = 9.8mVfor 

Vref = 5.000 Vdc). 

1.7 Full-Scale Adjustment 

The full-scale adjustment can be made by applying a differen¬ 
tial input voltage which is IV 2 LSB down from the desired 
analog full-scale voltage range and then adjusting the magni¬ 
tude of the Vref input or Vcc for a digital output code which 
is just changing from 11111110 to 11111111. 

1.8 Adjustment for an Arbitrary Analog Input Voltage 
Range 

If the analog zero voltage of the A/D is shifted away from 
ground (for example, to accommodate an analog input signal 
which does not go to ground), this new zero reference should 
be properly adjusted first. A Vi^ + voltage which equals this 
desired zero reference plus V 2 LSB (where the LSB is calcu¬ 
lated for the desired analog span, 1 LSB = analog span/256) is 
applied to selected ''- 1 -" input and the zero reference voltage 
at the corresponding “input should then be adjusted to 
just obtain the 00000000 to 00000001 code transition. 

The full-scale adjustment should be made by forcing a 
voltage to the V|n + input which is given by: 

V|N-i- fs adjust = Vmax-1.5*[(Vmax-Vmin)/256] 
where Vmax = high end of the analog input range 

Vmin = low end (offset zero) of the analog range 
The Vref or Vcc voltage is then adjusted to provide a code 
change from 11111110 to 11111111. 

1.9 Shunt Regulator 

A unique feature of ML2288 and ML2284 is the inclusion of a 
shunt regulator connected from V + terminal to ground 
which also connects to the Vcc terminal (which is the actual 
converter supply) through a silicon diode as shown in Figure 
8. When the regulator is turned on, the V+ voltage is 
clamped at 11 Vre set by the internal resistor ratio. The typical 
l-V curve of the shunt regulator is shown in Figure 9. It should 
be noted that before V-t- voltage is high enough to turn on 
the shunt regulator (which occurs at about 5.5 V), 35 kQ of 
resistance is observed between V + and GND. When the 
shunt regulator is not used, V - 1 - pin should be either left float¬ 
ing or tied to GND. The temperature coefficient of the regula¬ 
tor is -22mV/°C. 



Figure 8. Shunt Regulator 



Figure 9. l-V Characteristic of the 
Shunt Regulator 
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2.0 APPLICATIONS 


8051 Interface and Controlling Software 



CHO 

CS 



CLK 


ML2288 

Dl 


CH7 

DO 


Mnemonic I 

Instruction 

START 

ANL 

PI, #0F7H 

;SELECTA/D 
(CS =0) 


MOV 

B, #5 

;BITCOUNTER ^ 5 


MOV 

A, #ADDR 

;A MUX BIT 

LOOPl: 

RRC 

A 

;CY <- ADDRESS BIT 


JC 

ONE 

;TEST BIT 
;BIT = 0 

ZERO: 

ANL 

P1,#0FEH 

;DI ^0 


SJMP 

CONT 

;CONTINUE 
;BIT = 1 

ONE: 

ORL 

P1,#l 

;D1 ^ 1 

CONT: 

ACALL 

PULSE 

;PULSESK0^1-^0 


DJNZ 

B, LOOPl 

;CONTINUE UNTIL 
DONE 


ACALL 

PULSE 

;EXTRA CLOCK FOR 
SYNC 


MOV 

B,#8 

;BITCOUNTER^8 

LOOP 2: 

ACALL 

PULSE 

;PULSESK0^1-^0 


MOV 

A, PI 

;CY ^ DO 


RRC 

A 



RRC 

A 



MOV 

A,C 

;A ^ RESULT 


RLC 

A 

;A(0) ^ BIT AND SHIFT 


MOV 

C,A 

;C ^ RESULT 


DJNZ 

B, LOOP 2 

;CONTINUE UNTIL 
DONE 

RETI 



;PULSE SUBROUTINE 

PULSE: 

ORL 

PI, #04 



NOP 


;DELAY 


ANL 

PI, #0FBH 

;SK^0 


RET 
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APPLICATIONS (Continued) 

ML2288 "Stand-Alone" or Evaluation Circuit 

MUX ADDRESS 



Micro Linear 
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APPLICATIONS (Continued) 


Obtaining 9-Bit Resolution Protecting the Input 


Vcc 

(svdc) 



CONTROLLER PERFORMS A ROUTINE TO DETERMINE WHICH 
INPUT POLARITY PROVIDES A NON-ZERO OUTPUT CODE. 
THIS INFORMATION PROVIDES THE EXTRA BITS. 


Digitizing a Current Flow 



Operating with Ratiometric Transducers Span Adjust: 0 V < V|n < 3 V 

Vcc 



15% OF Vcc < Vxdr < 85% OF Vcc 
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APPLICATIONS (Continued) 

Zero-Shift and Span Adjust: 2 V < V|n < 5 V 


Digital Load Cell 




• USES ONE MORE WIRE THAN LOAD CELL ITSELF 

• TWO MINI-DIPs COULD BE MOUNTED INSIDE LOAD CELL 
FOR DIGITAL OUTPUT TRANSDUCER 

• ELECTRONIC OFFSET AND GAIN TRIMS RELAX MECHANICAL 
SPECS FOR GAUGE FACTOR AND OFFSET 

• LOW LEVEL CELL OUTPUT IS CONVERTED IMMEDIATELY FOR 
HIGH NOISE IMMUNITY 



Convert 8 Thermocouples with only One Cold-Junction Compensator 



USES THE PSEUDO-DIFFERENTIAL MODE TO KEEP THE DIFFER¬ 
ENTIAL INPUTS CONSTANT 

WITH CHANGES IN REFERENCE TEMPERATURE (Tref). 


Micro Linear 
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APPLICATIONS (Continued) 

4mA-20mA Current Loop Converter 



Isolated Data Converter 
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ORDERING INFORMATION 


PARTNUMBER 

ALTERNATE 

PARTNUMBER 

TOTAL 

UNADJUSTED ERROR 

TEMPERATURE 

RANGE 

PACKAGE 

SINGLE ANALOG INPUT, 8-PIN PACKAGE 

ML2281BMJ 

ML2281BIJ 

ML2281BCP 

ML2281CIJ 

ML2281CCP 

ADC0831BJ 

ADC0831BCJ 

ADC0831BCN 

ADC0831CCJ 

ADC0831CCN 

±i/2LSB 

-55°Cto+125°C 
-40°Cto+85°C 

0° to +70°C 
-40°Cto+85°C 
0°Cto +70°C 

HERMETIC DIP (JOB) 
HERMETIC DIP (JOB) 
MOLDED DIP (P08) 
HERMETIC DIP (J08) 
MOLDED DIP (P08) 

±1LSB 


TWO ANALOG INPUTS, 8^PIN PACKAGE 


ML2282BMJ 

ADC0832BJ 

±V2LSB 

-55°Cto+125°C 

HERMETIC DIP (J08) 

ML2282BIJ 

ADC0832BCJ 


-40°Cto +85°C 

HERMETIC DIP (J08) 

ML2282BCP 

ADC0832BCN 


0°Cto+70°C 

MOLDED DIP (P08) 

ML2282CIJ 

ADC0832CCJ 

±1LSB 

-40°Cto +85°C 

HERMETIC DIP (J08) 

ML2282CCP 

ADC0832CCN 


0°Cto +70°C 

MOLDED DIP (P08) 


FOUR ANALOG INPUTS, 14-PIN PACKAGE 


ML2284BMJ 

ADC0834BJ 

±V2LSB 

-55°Cto+125°C 

HERMETIC DIP (J14) 

ML2284BIJ 

ADC0834BCJ 


-40°Cto +85°C 

HERMETIC DIP (J14) 

ML2284BCP 

ADC0834BCN 


0° to +70°C 

MOLDED DIP (P14) 

ML2284CIJ 

ADC0834CCJ 

±1LSB 

-40°Cto +85°C 

HERMETIC DIP (J14) 

ML2284CCP 

ADC0834CCN 


0°Cto+70°C 

MOLDED DIP (P14) 


EIGHT ANALOG INPUTS, 20-PIN PACKAGE 


ML2288BMJ 

ADC0838BJ 

±V2LSB 

-55°Cto+85°C 

HERMETIC DIP (J20) 

ML2288BIJ 

ADC0838BCJ 


-40°Cto +85°C 

HERMETIC DIP (J20) 

ML2288BCP 

ADC0838BCN 


0°Cto+70°C 

MOLDED DIP (P20) 

ML2288BCQ 

ADC0838BCV 


0°Cto+70°C 

MOLDED PCC (Q20) 

ML2288CIJ 

ADC0838CCJ 

±1LSB 

-40°Cto+85°C 

HERMETIC DIP (J20) 

ML2288CCP 

ADC0838CCN 


0°Cto +70°C 

MOLDED DIP (P20) 

ML2288CCQ 

ADC0838CCV 


0°Cto+70°C 

MOLDED PCC (Q20) 
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Micro Linear _ ML2340, ML2350 

Single Supply, Programmable 
8-Bit D/A Converters 


GENERAL DESCRIPTION 

The ML2340 and ML2350 are CMOS voltage output, 8 - 
bit D/A converters with an internal voltage reference 
and a //P interface. These devices are designed to be 
powered by a single supply, although they can be 
powered from dual power supplies. The output voltage 
swings above zero scale (Vzs) in the unipolar mode or 
around zero scale (V^s) in the bipolar mode, both with 
programmable gain. V^s can be set to any voltage 
from AGND to 2.25V below Vcc- The digital and 
analog grounds, DGND and AGND, are totally 
Independent of each other. DGND can be set to any 
voltage from AGND to 4.5V below Vcc easy 
interfacing to standard TTL and GMOS logic families. 

The high level of integration and versatility of the 
ML2340 and ML2350 makes them ideal for a wide 
range of applications in hard disk drives, automotive, 
telecom, and a variety of general purpose industrial. 
One specific intended application is controlling a hard 
disk voice coil. 

The internal reference of the ML2340 provides a 2.25V 
or 4.50V output for use with A/D converters that use a 
single 5V + 10% power supply, while the ML2350 
provide a 2.50V or 5.00V reference output. 


FEATURES 

■ Programmable output voltage gain settings of 2, 1, 
V 2 , V4 provide 8-, 9-, 10-, or 11-bit effective 
resolution around zero 

■ AGND to Vcc output voltage swing 

■ Bipolar or unipolar output voltage 

■ 4.5V to 13.2V single supply or ±2.25V to ±6.5V 
dual-supply operation 

■ Transparent latch allows microprocessor interface 
with 30ns setup time 

■ Data flow through mode 

■ Voltage reference output 

ML2340 ..:. 2.25V or 4.50V 

ML2350 ......2.50V or 5.00V 

■ Nonlinearity . ±V4 LSB or ±y 2 LSB 

■ Output voltage settling time over temperature and 
supply voltage tolerance 

Within IV of Vcc and AGND .. 2.5//S max 

Within lOOmV of Vcc AGND . 5jus max 

■ TTL and CMOS compatible digital inputs 

■ Low supply current (5V supply) .. 5mA max 

■ 18-pin DIP or surface mount SOIC 

■ Operating temperature range of 0°C to +70°C, 

-40°C to +85°C, and -55°C to +125°C 


BLOCK DIAGRAM 


PIN CONNECTIONS 


ML2340 
ML2350 
18-Pin DIP 


ML2340 
ML2350 
18-Pin SOIC 


Vzs Vcc AGND 


Vrefout 



O 


O 


O 



Vcc[ 

1 


VoUT [ 

2 

17 

Vzs[ 

3 

16 

AGND r 

4 

15 

VoUT r 

DGND [ 

5 

14 

DB0[ 

6 

13 

DB1 [ 

7 

12 

DB2[ 

8 

11 

DB3[ 

9 

10 


TOP VIEW 


Vref in 
Vref out 
CAIN 1 
GAIN 0 
XFER 
DB7 
DB6 
DBS 
DB4 


Vcc 

VOUT 

Vzs 

AGND 

DGND 

DBO 

DB1 

DB2 

DB3 


1 18 

2 17 

3 16 

4 15 

5 14 

6 13 

7 12 

8 11 

9 10 


TOP VIEW 


Vref in 
Vref out 
GAIN 1 
GAIN 0 
XFER 
DB7 
DB6 
DBS 
DB4 
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PIN DESCRIPTION 


PIN # 

NAME 

FUNCTION 

PIN # 

NAME 

FUNCTION 


Vcc 

Positive supply. 

8 

DB2 

Data input — Bit 2. 


VquT 

Voltage output of the D/A 

9 

DB3 

Data input — Bit 3. 



converter. VouT is referenced to 
Vzs-,’.: 

10 

DB4 

Data input — Bit 4. 



11 

DBS 

Data input — Bit 5. 

3 


Zero Scale Voltage. Vqut is 

12 


referenced to V^s- V^s is normally 

DBG 

Data input — Bit 6. 



tied to AGND in the unipolar 

13 

DB7 

Data input — Bit 7 (MSB). , 



mode or to mid-supply in the 
bipolar mode. When the device is 
operated from a single power 
supply, Vzs has a maximum 

14 

XFER 

Transfer enable Input. The data is 
transferred into the transparent 
latch at the high level of XFER. 



current requirement of -300//A in 

15 

GAIN 0 

Digital gain setting input 0. 



the bipolar mode. 

16 

GAIN 1 

Digital gain setting input 1. 

4 

AGND 

Analog ground. 

17 

Vref out 

Voltage reference output. 

5 

DGND 

Digital ground. This is the ground 
reference level for all digital 
inputs. The range is AGND < (Vcc 
- 4.5V). DGND is normally tied to 
system ground. 



Vref out's referenced to AGND. 
Vref out 'S set to 2.5V and 5.0V in 
a low-vpitage and high-voltage 
operation, respectively for the 
ML235b; 2.25V and 4.5V for the 
ML2340. 

6 

DBO 

Data input — Bit 0 (LSB). 



7 ' 

DB1 

Data input — Bit 1. 

18 

Vref IN 

Voltage reference input. Vref in 's 
referenced to AGND. 


ABSOLUTE MAXIMUM RATINGS 

(Note 1) 

Supply Voltage Vqq with Respect to AGND _..._ 14.2V 

DGND ..... -0.3V to Vcc + 0.3V 

Vzs. Vref in .. -0.3V to Vcc + 0.3V 

Logic Inputs ...... -0.3V to Vcc 0.3V 

Input Current per Pin (Note 2) . ±25mA 

Storage Temperature ... -65®C to +150°C 

Package Dissipation at = 25®C (Board Mount) ..... 875mW 

Lead Temperature (Soldering 10 sec.) 

Dual-ln-Line Package (Molded) .... 260°C 

Dual-ln-Line Package (Ceramic) .. 300°C 

Molded Small Outline 1C Package 

Vapor Phase (60 sec.) ... 215°C 

Infrared (15 sec.) .. 220°C 


OPERATING CONDITIONS 

(Note 1) 

Supply Voltage, Vcc • • — ... T.SVpc to 13.2 Vdc 

Temperature Range (Note 3) . T^in ^ T^ < T^ax 

ML2340BMJ; ML2340CMJ 

ML2350BMJ, ML2350CMJ .. -55°C to +125°C 

ML2340Blj, ML2340Clj 

ML2350B1J, ML2350CIJ .... -40''C to +85°C 

ML2340BCR ML2340CCP 
ML2350BC[^ ML2350CCP 
ML2340BCS, ML2340CCS 

ML2350BCS, ML2350CCS .0°C to +70°C 
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ELECTRICAL CHARACTERISTICS 

Unless otherwise specified, = Tmin to T^ax/ Vcc - AGND = 5V ± 10% and 12V ± 10%, Vref in tor ML2340 = 2.25V 
and 4.50V, for ML2350 Vref in = 2.50V and 5.00V, Vqut load is Rl = IK and Cl = lOOpF, Vref load is Rl = IK and 
Cl = lOOpF and input control signals with tR = tp < 20ns. 





ML2340XCX, ML2350XCX 

'_ 1 

ML2340XIX, ML2340XMX 
ML2350XIX, ML2350XMX 


PARAMETER 

NOTES 

CONDITIONS 

MIN 

TVP 

(Note 4) 

MAX 

MIN 

TVP 

(Note 4) 

MAX 

UNITS 


Converter and Programmable Gain Amplifier 


Converter Resolution 

-1 

5 


-1 

8 


-1 

8 

-1 


Bits 

Integral Linearity Error 
ML2340BXX, ML2350BXX 

5 

GAIN = 2, 1, 1 / 2 , or Va 



±1/4 



± 1/4 

LSB 

ML2340CXX, ML2350CXX 





± 1/2 



± 1/2 

LSB 

Differential Linearity Error 
ML2340BXX, ML2350BXX 

5 

GAIN = 2, 1, 1/2, or Va 



± 1/4 



±iA 

LSB 

ML2340CXX, ML2350CXX 





± 1/2 



± 1/2 

LSB 

Mode Select 

5 

V^s with respect to AGND 








Unipolar Output 



0 


1.0 

0 


1.0 

V 

Bipolar Output 



1.50 


Vcc-2.25 

1.50 


Vcc-2.25 

V 

Offset Error 

5 

Figure 1 








Unipolar Mode 


GAIN = 1/4, 1/2, 1 



±10 



±12 

mV 



GAIN = 2 



±20 



±24 

mV 

Bipolar Mode 

5 

Figure 1 

GAIN = 1/4, 1/2, 1, 2 



±10 plus 



±10 plus 

mV 






± 21/2 LSB 



± 21/2 LSB 


Gain Error 

5 

Figure 1 








Unipolar Mode 


GAIN = 1/4, 1/2, 1, 2 


+.5 

±2 


±.5 

±2.5 

%FS 

Bipolar Mode 


GAIN = 1/4, 1/2, 1, 2 


±.5 

±2 


±.5 

±2.5 

%FS 


Reference 


Vref out Voltage 
ML2340BXX 

- 1 

5 

Vcc ^ 20V 

-! 

Ta = 25‘>C 

2.23 

2.25 

2.27 

2.23 

2.25 

2.27 

V 




Tmin to Tmak 

2.22 


2.28 

2.18 


2.32 

V 



Vcc ^ 8.0V 

Ta = 25«C 

4.48 

4.50 

4.52 

4.48 

4.50 

4.52 

V 



Tmin to Tmax 

4.46 


4.54 

4.43 


4.57 

V 

ML2340CXX 


Vcc ^ 20V 

Ta = 25°C 

2.22 

2.25 

2.29 

2.22 

2.25 

2.28 

V 



Tmin to Tmax 

2.20 


2.30 

2.18 


2.32 

V 



Vcc ^ 8.0V 

Ta = 25-0 

4.45 

4.50 

4.55 

4.45 

4.50 

4.55 

V 




Tmin to Tmax 

4.40 


4.60 

4.35 


4.65 

V 

ML2350BXX 

5 

Vcc ^ 20V 

Ta = 25‘‘C 

2.48 

2.50 ' 

2.52 

2.48 

2.50 

2.52 

V 



Tmin to Tmax 

2.47 


2.53 

2.43 


2.57 

V 



Vcc ^ 8.0V 

Ta = 250 c 

4.98 

5.00 

5.02 

4.98 

5.00 

5.02 

V 



0 

z 

4.96 


5.04 

4.90 


5.10 

V 

ML2350CXX 


Vcc ^ ^ov 

Ta = 25°C 

2.45 

2.50 i 

2.55 

2.46 

2.50 

2.55 

V 



Tmin to Tmax 

2.44 


2.58 

2.42 


2.59 

V 



Vcc ^ 8.0V 

Ta = 25°C 

4.95 

5.00 

5.05 

4.95 

5.00 

5.05 

V 




Tmin to Tmax 

4.90 


5.10 

4.85 


5.15 

V 

Temperature Coefficient 
Vref out 




50 



50 


ppm/°C 

Vref Output Current 

5 


0.75 


5 

0.75 


5 

mA 

Vref out Power Supply 
Rejection Ratio 

5 

100m Vp_p, 1kHz 

Sinewave on Vcc 

^0 

-60 


-40 

-60 

_1 


dB 


Micro Linear 
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ELECTRICAL CHARACTERISTICS (Continued) 

Unless otherwise specified, = Tmin to TmaX/ Vcc AGND = 5V + 10% and 12V + 10%, Vref in tor ML2340 = 2.25V 
and 4.50V; for ML2350 Vref in = 2.50V and 5.00V, Vqut Joad is Rl = IK and Cl = lOOpF, Vref ioad is Rl = IK and 
Cl = lOOpF and input control signals with tR = tF < 20ns. 





ML2340XCX, ML2350XCX 

ML2340XIX, ML2340XMX 
ML2350XIX, ML2350XMX 


PARAMETER 

NOTES 

CONDITIONS 

MIN 

TYP 

(Note 4) 

MAX 

MIN 

TYP 

(Note 4) 

MAX 

UNITS 


Vref in and Vzs 


Vref in Input Range 

5 

Vcc ^ 8.75V 

Vcc ^ 8.75V 

AGND+2 

AGND+2 


Vcc-1.75 

AGND+7 

AGND+2 

AGND+2 


Vcc-1.75 

AGND+7 

V 

V 

Vref in DC Input 
Resistance 

5 


10 



10 



MO 

Vzs Voltage Range 

5, 8 

Vcc ^ 7.0V 

AGND 


Vcc- 

2.25 

AGND 


Vcc- 

2.25 

V 


Analog Output 


Vqut Output Swing 
Unipolar Mode 

5, 8 

Rl = 100K 

AGND+ 

0.01 


Vcc-.OS 

AGND+ 

0.01 


VCC-.05 

V 



Rl = 1K 

ACND+ 

1.0 


o 

1 

u 

AGND+ 

1.0 


Vcc-1.0 

V 

Bipolar Mode 

5 

Rl = 100K 

AGND+ 

0.1 


Vcc-0.1 

AGND+ 

0.1 


Vcc-0.1 

V 



Rl = IK 

AGND+ 

1.0 


Vcc-1.0 

ACND+ 

1.0 


Vcc-1.0 

V 

Vqut Output Current 

5 

AGND+1V<Vout<Vcc-'IV 

-10 ■ 


+10 

-10 


+10 

mA 

Power Supply 

Rejection Ratio 


100mVp_p, 1kHz 
sinewave on Vcc 


-60 



-60 


dB 


Digital and DC 


V|N(0) Logical "0" 

Input Voltage 

5 




0.8 



0.8 

V 

V|N(i) Logical "1" 

Input Voltage 

,5 


2.0 



2.0 



V 

l,N( 0 ) Logical "0" 

Input Current 

5 

V|N = DGND 

-1 



-1 



M 

l|N(i) Logical "1" 

Input Current 

5 

u 

z 

> 



1 



1 

M 

Supply Current, 

Bipolar Mode 

Ico Vcc Current 

5 

Vcc = 5V±10% 



5.3 



5.3 

mA 

•acnd^ 

Analog Ground Current 
•vzsr Vzs Current 


■ 


-90 

-5.0 

-300 


-90 

-5.0 

-300 

> > 

•co Vcc Current 

UcND/ 

Analog Ground Current 
Ivzs/ Vzs Current 

5 

Vcc = '12V ± 10% 


-90 

9.3 

-9.0 

-300 


-90 

9.3 

-9.0 

-300 

; 

< < < 
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ELECTRICAL CHARACTERISTICS (Continued) 

Unless otherwise specified, Ta = Tmin to TmaX/ Vcc - ACND = 5V ± 10% and 12V ± 10%, Vrep in for ML2340 = 2.25V 
and 4.50V, for ML2350 Vref in = 2.50V and 5.00V, Vqut load is Rp = IK and Cp = lOOpF, Vref load is Rp = IK and 
Cp = lOOpF and input control signals with tR = tp < 20ns. 





ML2340XCX, ML2350XCX 

ML2340XIX, ML2340XMX 
ML2350XIX, ML2350XMX 


PARAMETER 

NOTES 

CONDITIONS 

MIN 

TYP 

(Note 4) 

MAX 

MIN 

TYP 

(Note 4) 

MAX 

UNITS 


Digital and DC (Continued) 


Supply Current, 

Unipolar Mode 

Ico Vcc Current 

Ugnd^ 

Analog Ground Current 
Ivzs/ Vzs Current 

5 

Vcc = 5V ± 10% 



6.0 

-4.3 

-1.7 



6.0 

-4.3 

-1.7 

< < < 

E EE 

Ico Vcc Current 

5 

Vcc = 12V ± 10% 



11.0 



11.0 

mA 

Ugnd/ 










Analog Ground Current 





-7.3 



-7.3 

mA 

lyzs/ Vzs Current 





-3.7 



-3.7 

mA 


AC Performance 


Settling Time 
tsi 

5 

Figure 2, 

Output Step of AGND + IV 
to Vcc - IV, Rl = IK 


1.2 

2.5 


1.2 

3.0 

jJS 

tS2 


Output Step of 

AGND + 100mV to 

Vcc-100mV, Rl = 100K 


2.5 

5 


2.5 

6 

/JS 

tS3 


Output Step of ±1LSB 



1 



1 

fJS 

ts 4 , Gain Change 


Change of Any Gain Setting 


13 

2.5 


1.1 


fJS 

txFERr XFER Pulse Width 

5 

Figure 3 

60 



60 



ns 

toBS/ DB0-DB7 

Setup Time 

5 

Figure 3 

40 



45 



ns 

toBH/ DB0-DB7 

Hold Time 

5 

Figure 3 

0 



0 



ns 

tRESET/ Power-On 

Reset Time 

6 




16 



16 

fJS 


Note 1: Absolute maximum ratings are limits beyond which the life of the integrated circuit may be impaired. Ail voltages unless otherwise 
specified are measured with respect to analog ground. 

Note 2: When the voltage at any pin exceeds the power supply rails (V|n < ACND or V|n > \/ qc ) the absolute value of current at that pin 
should be limited to 25mA or less. 

Note 3: -55°C to +125°C operating temperature range devices are 100% tested at temperature extremes with worst-case test conditions, -40°C 

to +85°C operating temperature range devices are 100% tested with temperature limits guaranteed by 100% testing, sampling, or by 
correlation with worst-case test conditions. 

Note 4: Typicals are parametric norm at 25°C. 

Note 5: Parameter guaranteed and 100% production tested. 

Note 6: Parameter guaranteed. Parameters not 100% tested are not in outgoing quality level calculation. 

Note 7; Supply current and analog ground current are specified with the digital inputs stable and no load on Vqut- 

Note 8: In unipolar operation with Vzs and ACND tied together, digital codes that represent an analog value of less than lOOmV from ACND 
should be avoided. 
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ML2340, ML2350 



ANALOG 

OUTPUT 

GAIN 

ERROR 


IDEAL WITH 



DIGITAL INPUT 


Unipolar Mode 


Bipolar Mode 


Figure 1. Gain and Offset Error 


GAIN 0, GAIN 1 

\ 

\ 

XFER j 

Px 

- ts4 -► 




A 

SETTLED TO 

VoUT - 

- tsi, ts2, 

tS3-► 

±1/2 LSB 


Figure 2. Settling Time 


tDBS- 



tWR 

— 

VALID DATA 





Figure 3. Single Buffered Mode 
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1.0 FUNCTIONAL DESCRIPTION 


ML2340, ML2350 


1.1 D/A CONVERTER 

The D/A converter is implemented using an array of 
equal current sources that are decoded semi linearly 
for the four most significant bits to improve differential 
linearity and to reduce output glitch around major 
carries. See Figure 4. 

The input voltage reference of the D/A converter is the 
difference between Vref in AGND. This difference 
voltage is converted to a reference current using an 
internal resistor to set up the appropriate current level 


in the D/A converter. The D/A converter output current 
is then converted to a voltage output by an output 
buffer and a resistive network. The matching among the 
on-chip resistors preserves the gain accuracy between 
these conversions. 

The D/A converter can be used in a multiplying mode 
by modulating the reference input within the specified 
Vref IN range. 



vcc 


DACoUT 

DACouT 


Figure 4. D/A Converter Implementation 


1.2 SINGLE-SUPPLY vs. DUAL-SUPPLY OPERATION 

ML2340 and ML2350 can be powered from a single 
supply ranging from 4.5V to 13.2V or dual supplies 
ranging from +2.25V to +6.6V. 

The internal digital and analog circuitry is powered 
between V^c and AGND. The range of DGND is 
AGND < DGND < Vcc - 4.5V with the logic thresholds 
set between .8V and 2.0V above DGND (standard TTL 
logic level). The range of V^s is AGND < V^s ^ (Vcc - 
2.25V). 

1.3 UNIPOLAR AND BIPOLAR OUTPUT VOLTAGE 
SWING 

The ML2340 and ML2350 can operate in either unipolar 
and bipolar output voltage mode. Unipolar/bipolar 
mode selection is determined by comparing the zero 
scale voltage (Vzs) of these devices to a precise internal 
reference that is referred to AGND. Vzs is ideally the 
voltage that will be produced at the DAG voltage 
output when the digital input data is set to all "O's". 
Unipolar mode is selected when Vzs is lower than 1.00 
volt, and bipolar mode is selected when Vzs is greater 
than 1.50 volts. 

1.3.1 Unipolar Output Mode 

In the unipolar mode, Vqut swings above Vzs- Ideally 
the 00000000 code results in an output voltage of Vzs, 
and the 11111111 code results in an output voltage of 
Vps 255/256, where Vps is the full-scale voltage 
determined by Vref in arid the gain setting. 


1.3.2 Bipolar Output Mode 

In the bipolar mode, Vqut swings around Vzs- The 
input data is in 2's complement binary format. Ideally, 
the 00000000 code results in an output voltage of Vzs; 
the 10000000 code results in an output voltage of (Vzs 
- Vps); and the 01111111 results in an output voltage of 
(Vzs Vps 127/128), where Vps is the full scale output 
voltage determined by Vref in arid the gain setting. 

1.4 OUTPUT BUFFER AND GAIN SETTING 

The output buffer converts the D/A output current to a 
voltage output using a resistive network with proper 
gain setting determined by the GAIN 0 and GAIN 1 
inputs. There are four possible gain settings for unipolar 
output voltage mode and bipolar output voltage mode 
as listed below: 


Unipolar Output Voltage Mode 


GAIN 1 

GAIN 0 

GAIN 

Voltage Output Swing 
Relative to Vzs 

0 

0 

1/4 

Vref in ^ V4 

0 

1 

1/2 

Vref in V2 

1 i 

0 

1 

Vref in ^ 1 

1 

1 

2 

Vref in ^ 2 


Micro Linear 


2-197 







ML2340, ML2350 


Bipolar Output Voltage Mode 


GAIN 1 

GAIN 0 

GAIN 

Voltage Outputp.p 

0 

0 

V4 

±Vref IN ^/'/s 

0 

1 

Vi 

±Vref IN V4 

1 

0 

1 

±Vref in ^ 

1 

1 

2 

=tVREF IN ^ 1 


The output buffer can source or sink as much as 10mA 
of current with an output voltage of at least 1V from 
either Vcc or AGND. As the output voltage approaches 
Vcc or AGND the current sourcing/sinking capability of 
the output buffer is reduced. The output buffer can still 
swing down to within 10mV of AGND and up to within 
40mV of Vcc with a 100K load at Vqut fo AGND in the 
unipolar operation. In the bipolar operation, the output 
buffer swing is limited to about 100mV from either rails. 

1.5 VOLTAGE REFERENCE 

A bandgap voltage reference is incorporated on the 
ML2340 and ML2350. Two reference voltages can be 
produced by each device. An internal comparator 
monitors the power supply voltage to determine the 
selection of the reference voltage. A reference voltage 
of 2.25 volts on the ML2340 and 2.50 volts on the 
ML2350 Is selected when the supply voltage is less than 
approximately 7.50 volts. Otherwise, a reference voltage 
of 4.50 volts and 5.00 volts Is selected. To prevent the 
comparator from oscillating between the two selections, 
avoid operation with a power supply between ZO and 
8.0 volts. 

The bandgap reference is trimmed for zero 
Temperature Coefficient (TC) at 35°C to minimize 
output voltage drift over the specified operating 
temperature range. 

The internal reference is buffered for use by the DAC 
and external circuits. The reference buffer will source 
more than 5mA of current and sink more than 1mA of 
current. With Vref in connected to Vrff OUT/ the 
following output voltage ranges of the DAC are 
obtained: 


ML2340 


Gain 

Setting 

Vref = 2.25V with 

Vcc ^ 7.0V 

Vrff = 4.5V with 

Vcc ^ 8.0V 

Unipolar 

Bipolar 

Unipolar 

Bipolar 

V4 

0 to 0.562V 

-0.281V to 
+0.281 V 

0 to 1.125V 

-0.562V to 
+0.562V 

Vi 

0 to 1.125V 

-0.562V to 
+0.562V 

0 to 2.250V 

-1.125V to 
+1.125V 

1 

0 to 2.250V 

-1.125V to 
+1.125V 

0 to 4.500V 

-2.250V to 
+2.250V 

2 

0 to 4.500V 

-2.250V to 
+2.250V 

0 to 9.000V 

-4.500V to 
+4.500V 


ML2350 


Gain 

Setting 

Vrff = 2.50V with 

Vcc ^ 7.0V 

Vrff = 5.00V with 

Vcc > 8.0V 

Unipolar 

Bipolar 

Unipolar 

Bipolar 

V4 

0 to 0.625V 

-0.3125V to 
+0.3125V 

0 to 1.25V 

-0.625V to 
+0.625V 

Vi 

0 to 1.250V 

-0.6250V to 
+0.6250V 

0 to 2.50V 

-1.250V to 
+1.250V 

1 

0 to 2.500V 

-1.2500V to 
+1.2500V 

0 to 5.00V 

-2.500V to 
+2.500V 

2 

0 to 5.000V 

-2.5000V to 
+2.5000V 

0 to 10.00V 

-5.000V to 
+5.000V 


An external reference can alternatively be used on 
Vref in to set the desired full scale voltage. The linearity 
of the D/A converter depends on the reference used, 
however. To insure integral linearity at an 8-blt level, a 
reference voltage of no less than 2V and no more than 
TV (2.75V for operation with a low-voltage power 
supply) should be used. 

1.6 DIGITAL INTERFACE 

The digital interface of the ML2340 and ML2350 consist 
of a transfer input (XFER) and eight data inputs, DBO 
through DB7 The digital interface operates in one of 
the two modes: 

1.6.1 Single-Buffered Mode 

Digital input data on DB0-DB7 Is passed through an 8- 
bit transparent input latch on the rising edge of XFER. 
Because the outputs of the latch are connected directly 
to the inputs of the internal DAC, changes on the 
digital data while the XFER input is still active will cause 
an immediate change in the DAC output voltage. To 
hold the input data on the latch, the XFER input needs 
to be deactivated while the data is still stable. 

1.6.2 Flow-Through Mode 

In the flow-through mode, the input latch is bypassed. 
When XFER is set to logic "1", a change of data inputs, 
DB0-DB7, results in an immediate update of the output 
voltage. 

1.7 POWER-ON-RESET 

The ML2340 and ML2350 have an internal power-on-reset 
circuit to initialize the device when power is first applied 
to the device. The power-on-reset interval of typically 
S/js begins when the supply voltage, Vcc reaches 
approximately 2.0V. During the power-on-reset interval, 
the transparent latch is reset to all ''O's". 
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2.0 TYPICAL APPLICATIONS 


ML2340, ML2350 



Figure 5. Using 4.50V Reference of D/A for Reference of A/D Using Single 5V Vcc ±10% 



Figure 6. TMS320 Interface 



Figure 7. Single 5V Supply Unipolar Vqut 
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ML2340, ML2350 __ 

2.0 TYPICAL APPLICATIONS (Continued) 



Figure 8. Single 12V Supply^ Bipolar Vqut 11-Bits Resolution Around Zero 



Figure 9. Hard Disc Drive Servo Coil Driver Providing 13-Bit Effective Resolution 
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ML2340, ML2350 


ORDERING INFORMATION 


PART NUMBER 

INTEGRAL & DIFFERENTIAL 
NON-LINEARITY 

TEMPERATURE 

RANGE 

PACKAGE 

Vr£f out “ 2.25V with Vcc “ 

ML2340BMJ/5 

±V4 LSB 

-55°C to +125°C 

HERMETIC DIP (J18) 

ML2340BIJ/5 


-40°C to +85°C 

HERMETIC DIP (J18) 

ML2340BCP/5 


0°C to +70°C 

MOLDED DIP (P18) 

ML2340BCQ/5 


0°C to +70°C 

MOLDED PCC (Q18) 

ML2340CMJ/5 

±y2 LSB 

-55°C to +125°C 

HERMETIC DIP (J18) 

ML2340CIJ/5 


-40°C to +85°C 

HERMETIC DIP (J18) 

ML2340CCP/5 


0°C to +70°C 

MOLDED DIP (P18) 

ML2340CCQ/5 


O-C to +70°C 

MOLDED PCC (Q18) 


Vref out = 2.50V with Vcc = 5V 


ML2350BMJ/5 

±1/4 LSB 

-55°C to +125°C 

HERMETIC DIP (J18) 

ML2350BIJ/5 


-40°C to +85X 

HERMETIC DIP (J18) 

ML2350BCP/5 


0°C to +70°C 

MOLDED DIP (P18) 

ML2350BCQ/5 


O'C to +70'“C 

MOLDED PCC (Q18) 

ML2350CMJ/5 

±1/2 LSB 

-55°C to +125°C 

HERMETIC DIP (J18) 

ML2350CIJ/5 


-40°C to +85°C 

HERMETIC DIP (J18) 

ML2350CCP/5 


0°C to +70°C 

MOLDED DIP (P18) 

ML2350CCQ/5 


0°C to +70°C 

MOLDED PCC (Q18) 


Vref out = 4.50V with Vcc = 12V 


ML2340BMJ/12 

±1/4 LSB 

-55°C to +125°C 

HERMETIC DIP (J18) 

ML2340BIJ/12 


-40‘^C to +85°C 

HERMETIC DIP (J18) 

ML2340BCP/12 


0°C to +70°C 

MOLDED DIP (P18) 

ML2340BCQ/12 


0°C to +70°C 

MOLDED PCC (Q18) 

ML2340CMJ/12 

±1/2 LSB 

-55°C to +125°C 

HERMETIC DIP (J18) 

ML2340CIJ/12 


-40°C to +85°C 

HERMETIC DIP (j18) 

ML2340CCP/12 


0°C to +70°C 

MOLDED DIP (P18) 

ML2340CCQ/12 


0°C to +70°C 

MOLDED PCC (Q18) 


Vrep out ~ 5.00V with Vcc ~ 12V 


ML2350BMJ/12 

±1/4 LSB 

-55°C to +125°C 

HERMETIC DIP (J18) 

ML2350BIJ/12 


-40°C to +85°C 

HERMETIC DIP (J18) 

ML2350BCP/12 


0°C to +70°C 

MOLDED DIP (P18) 

ML2350BCQ/12 


0°C to +70°C 

MOLDED PCC (Q18) 

ML2350CMj/12 

±1/2 LSB 

-55°C to +125°C 

HERMETIC DIP (J18) 

ML2350CIJ/12 


-40^C to +85°C 

HERMETIC DIP (J18) 

ML2350CCP/12 


0°C to +70°C 

MOLDED DIP (P18) 

ML2350CCQ/12 


0°C to +70°C 

MOLDED PCC (Q18) 
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PRELIMINARY 

M^Micro Linear ML 2341 , ML 2351 

Single Supply^ Programmable 
8-Bit D/A Converters 


GENERAL DESCRIPTION 

The ML2341 and ML2351 are CMOS voltage output, 

8-bit D/A converters with an internal voltage reference 
and a n? interface. These devices are designed to be 
powered by a single supply, although they can be 
powered from dual power supplies. The output voltage 
swings above zero scale (Vzs) in the unipolar mode or 
around zero scale (V^s) in the bipolar mode, both with 
programmable gain. V^s can be set to any voltage 
from AGND to 2.25V below Mco The digital and 
analog grounds, DGND and AGND, are totally 
independent of each other. DGND can be set to any 
voltage from AGND to 4.5V below V^c for easy 
interfacing to standard TTL and CMOS logic families. 

The high level of integration and versatility of the 
ML2341 and ML2351 makes them ideal for a wide 
range of applications in hard disk drives, automotive, 
telecom, and a variety of general purpose industrial. 
One specific intended application is Controlling a hard 
disk voice coil. 

The ML2341 provides a 2.25V or 4.50V reference 
output for use with A/D converters that use a single 
5V + 10% power supply, while the ML2351 provides a 
2.50V or 5.00V reference output. 


FEATURES 

■ Programmable output voltage gain settings of 2, 1, 
Vi, 1/4 provide 8-, 9-, 10-, or 11-bit effective 
resolution around zero 

■ AGND to Vec output voltage swing 

■ Bipolar or unipolar output voltage 

■ 4.5V to 13.2V single supply or +2.25V to +6.5V 
dual-supply operation 

■ Single- and double-buffered, edge-triggered 
interface with 30ns write time, 0ns hold time 

■ Voltage reference output 

ML2341 .. 2.25V or 4.50V 

ML2351 .... 2.50V or 5.00V 

■ Nonlinearity ... +V 4 LSB or +V 2 LSB 

■ Output voltage settling time over temperature and 
supply voltage tolerance 

Within IV of Vec and AGND ......... 2.5yus max 

Within lOOmV of Vec and AGND ....... 5yus max 

■ TTL and CMOS compatible digital inputs 

■ Low supply current (Vref — 2.5V) .. . 5mA max 

■ 20-pin DIP or PCC 

■ Operating temperature range of 0°C to +70°C, 
-40^C to +85°C, and -55°C to +125°C 


BLOCK DIAGRAM 


PIN CONNECTIONS 


Vrefout o-I 


Vzs Vec AGNI 

I ! 1 



ML2341 
ML2351 
20-Pin DIP 


ML2341 
ML2351 
20-Pin PCC 


3 VoUT 
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ML234T, ML2351 


PIN DESCRIPTION 


PIN # 

NAME 

FUNCTION 

1 

Vref in 

Voltage reference input. Vref IN is 
referenced to AGND. 

2 

Vcc 

Positive supply. 

3 

VoUT 

Voltage output of the D/A 
converter. Vqut is referenced to 
Vzs- 

4 

Vzs 

Zero Scale Voltage. Vqut is 
referenced to Vzs- Vzs is normally 
tied to AGND in the unipolar 
mode or to mid-supply in the 
bipolar mode. When the device is 
operated from a single power 
supply, Vzs h^s a maximum 
current requirement of -300^^A in 
the bipolar mode. 

5 

AGND 

Analog ground. 

6 

DGND 

Digital ground. This is the ground 
reference level for all digital 
inputs. The range is AGND < (Vcc 
- 4.5V). DGND is normally tied to 
system ground. 

7 

DBO 

Data input — Bit 0 (LSB). 

8 

DB1 

Data input — Bit 1. 

9 

DB2 

Data input — Bit 2. 


PIN # 

NAME 

FUNCTION 

10 

DB3 

Data input — Bit 3. 

11 

DB4 

Data input — Bit 4. 

12 

DB5 

Data input — Bit 5. 

13 

DB6 

Data input — Bit 6. 

14 

DB7 

Data input — Bit 7 (MSB). 

15 

XFER 

Transfer enable input. In the 
double buffered mode of 
operation, the data in the input 
latch is transferred to the D/A 
converter at the high level of XFER. 

16 

WR 

Write enable input. While CS is 
low, data inputs are latched Into 
the input latch on the rising edge 
of WR. 

17 


Chip select input. Active low input 
which enables latching in the data 
on the rising edge of WR. 

18 

GAIN 0 

Digital gain setting Input 0. 

19 

GAIN 1 

Digital gain setting input 1. 

20 

Vref out 

Voltage reference output. 


Vref out is referenced to AGND. 
Vref out is set to 2.5V and 5.0V in 
a low-voltage and high-voltage 
operation, respectively for the 
ML2351; 2.25V and 4.5V for the 
ML2341. 


ABSOLUTE MAXIMUM RATINGS 

(Note 1) 


OPERATING CONDITIONS 

(Note 1) 


Supply Voltage Vqc with Respect to AGND . 14.2V 

DGND . -0.3V to Vcc + 0.3V 


Vzs/ Vref in . -0.3V to Vcc 0.3V 

Logic Inputs . -0.3V to Vcc 0.3V 

Input Current per Pin (Note 2) . ±25mA 

Storage Temperature . -65®C to +150°C 

Package Dissipation at T^ = 25°C (Board Mount) . 875mW 

Lead Temperature (Soldering 10 sec.) 

Dual-In-Line Package (Plastic) . 260®C 

Dual-In-Line Package (Ceramic) . 300°C 

Molded Chip Carrier Package 

Vapor Phase (60 sec.) .. 215®C 

Infrared (15 sec.) . 220®C 


Supply Voltage, Vcc . 

Temperature Range (Note 3) 
ML2341BMJ, ML2341CMJ 
ML2351BMJ, ML2351CMJ 
ML2341BIJ, ML2341CIJ 
ML2351Blj, ML2351Clj ... 
ML2341BCQ, ML2341CCQ 
ML2351BCQ, ML2351CCQ 
ML2341BCP, ML2341CCP 
ML2351BCP, ML2351CCP 


4.5Vdc to 13.2Vdc 
Tmin — Ta < Tmax 

. -SS^C to +125°C 

.. -40°C to +85®C 

.0°C to +70°C 
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ML2341; ML2351 


ELECTRICAL CHARACTERISTtCS 

Unless otherwise specified, Ta = Tmin to TmaX/ Vcc - AGND = 5V ± 10% and 12V ± 10% (Note 9), 

Vref IN for ML2341 = 2.25V and 4.50y for ML2351 Vre^ in = 2.50V and 5.00V, Vqut load is Re = IK and Cl = lOOpF, 
Vref load is Rl = IK and Cl = lOOpF and input control signals with tR = tp ^ 20ns. 





ML2341XCX, ML2351XCX 

ML2341XIX, ML2341XMX 
ML2351XIX, ML2351XMX 


. . ; 

PARAMETER 

NOTES 

CONDITIONS 

MIN 

TYP 

(Note 4) 

MAX 

MIN 

TYP 
(Note 4) 

' ' ' 

MAX 

UNITS 


Converter and Programmable Gain Amplifier 


Converter Resolution 

, 5 ■ 


8 



8 



Bits 

Integral Linearity Error 

i 

GAIN = 2, 1, 1/2, or 








ML2341BXX, ML2351BXX 





± 1/4 



± 1/4 

LSB 

ML2341CXX, ML2351CXX 





± 1/2 



± 1/2 

LSB 

Differential Linearity Error 
ML2341BXX, ML2351BXX 

5 

GAIN = 2, 1, 1/2, or 1/4 



±iA 



±1/4 

LSB 

ML2341CXX, ML2351CXX 





± 1/2 



± 1/2 

LSB 

Mode Select 

5 

Vzs with respect to AGND 








Unipolar Output 



0 


1.0 

0 


1.0 

V 

Bipolar Output 



150 


Vcc-2.25 

1.50 


Vcc-2.25 

V 

Offset Error 

5 

Figure 1 








Unipolar Mode 


GAIN = 1 / 4 , 1 / 2 , 1 



±10 


" 

±12 

mV 


'.J 

GAIN = 2 



±20 



±24 

mV 

Bipolar Mode 

■5 

■ 

Figure 1 

GAIN = 1 / 4 , 1 / 2 , 1, 2 



±10 plus 



±10 plus 

mV 





± 21/2 LSB 



± 21/2 LSB 


Gain Error 

5 

Figure 1 








Unipolar Mode 


GAIN = 1 / 4 , 1 / 2 , 1, 2 


±.5 

+2 


. ±.5 

+2.5 

%FS 

Bipolar Mode 


GAIN = 1 / 4 , 1 / 2 , 1, 2 



_±±j 


±.5 


%FS 


Reference 


Vref out Voltage 

5 




I 






ML2341BXX/5 


Vcc = 5.0V 

Ta = 25‘>C 

2.23 

2.25 

2.27 

2.23 

2.25 

2.27 

V 



Tmin to Tmax 

2.22 


2.28 

2.18 


2.32 

V 

ML2341CXX/5 


Vcc = 5.0V 

Ta-25‘>C 

2.22 

2.25 

2.29 

2:22 

2.25 

2.28 

V 



Tmin to Tmax 

2.20 


2.30 

2.18 


2.32 

V 

ML2351BXX/5 

5 

Vcc = 5.0V 

Ta = 25'^C 

2.48 

2.50 

2.52 

2.48 

2.50 

2.52 

V 



Tmin to Tmax 

2.47 


2.53 

2.43 


2.57 

V 

ML2351CXX/5 


Vcc = 5.0V 

Ta = 25°G 

2.45 

2.50 

2.55 

2.46 

2.50 

2.55 

V 



Tmin to Tmax 

2.44 


2.58 

2.42 


2.59 

V 

ML2341BXX/12 

5 

Vcc = '12.0V 

Ta = 25°C 

4.48 

4.50 

4.52 

4.48 

4.50 

4.52 

V 



Tmin to Tmax 

4.46 


4.54 

4.43 


■ 4.57 

V 

ML2341CXX/12 


Vqc = 12.0 V 

Ta = 25°C 

4.45 

4.50 

4.55 

4.45 

4.50 

4.55 ■■ 

V 



Tmin to Tmax 

4.40 


4.60 

4.35 


4.65 

V 

ML2351BXX/12 

5 

Vcc = 12.0 V 

Ta = 25‘>C 

4.98 

5.00 

5.02 

4.98 

5.00 

5.02 

V 



Tmin to Tmax 

4.96 


5.04 

4.90 


5.10 

V 

ML2351CXX/12 


Vcc = 12.0V 

Ta = 25°C 

4.95 

5.00 ■ 

5.05 

4.95 

5.00 

5.05 

V 



Tmin to Tmax 

4.90 


5.10 

4.85 


5.15 

V 

Temperature Coefficient 











Vref out 





50 



50 


ppm/°C 

Vref Output Current 

5 


0.75 


5 

0.75 


5 

mA 

Vref out Power Supply 

5 

100mVp_p, 1kHz 

-40 

-60 


-40 

-60 


dB 

Rejection Ratio 


Sinewave on Vcc 
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ELECTRICAL CHARACTERISTICS (Continued) 

Unless otherwise specified, = Tmin to '^cc - ACND = 5V ± 10% and 12V ± 10% (Note 9), 

Vref in for ML2341 = 2.25V and 4.50V; for ML2351 Vref in = 2.50V and 5.00V Vqut load is Rl = 1K and Cl = lOOpF, 
Vref load is Rl = IK and Cl = lOOpF and input control signals with tR = tp < 20ns. 





ML2341XCX, ML2351XCX 

ML2341XIX, ML2341XMX 
ML2351XIX, ML2351XMX 


PARAMETER 

NOTES 

CONDITIONS 

MIN 

TYP 

(Note 4) 

MAX 

MIN 

TYP 

(Note 4) 

MAX 

UNITS 


Vref in and Vzs 


Vref in Input Range 

5 

Vcc ^ 8.75V 

Vcc ^ 8.75V 

AGND+2 

AGND+2 


Vcc-1.75 
AGND + 7 

AGND + 2 
AGND + 2 


Vcc-1-75 

AGND+7 

V 

V 

Vref in DC Input 
Resistance 

5 


10 



10 



MQ 

Vzs Voltage Range 

5, 8 

Vcc ^ 7.0V 

AGND 


Vcc- 

2.25 

AGND 


Vcc- 

2.25 

V 

5, 8 

Vcc ^ 8.0V 

AGND 


Vcc-3.0 

AGND 


Vcc-3.0 

V 


Analog Output 


Vqut Output Swing 
Unipolar Mode 

5, 8 

Rl = 100K 

AGND+ 

0.01 


Vcc-.OS 

AGND + 
0.01 


Vcc-.05 

V 



Rl = 1K 

AGND+ 

1.0 


p 

1 

AGND + 
1.0 


p 

u 

V 

Bipolar Mode 

5 

Rl = 100K 

AGND+ 

0.1 


Vcc-0.1 

AGND + 
01 


Vcc-01 

V 



Rl = 1K 

AGND+ 

1.0 


Vcc-UO 

AGND + 
1.0 


Vcc-1.0 

V 

Vqut Output Current 

5 

AGND+1V<Vout<Vcc-'IV 

-10 


+10 

-10 


+10 

mA 

Power Supply 

Rejection Ratio 


100mVp_p, IkFIz 
sinewave on Vcc 


-60 



-60 


dB 


Digital and DC 


V|N(0) Logical "0" 

Input Voltage 

5 




0.8 



0.8 

V 

V|N(i) Logical "1" 

Input Voltage 

5 


2.0 



2.0 



V 

liN( 0 ) Logical "0" 

Input Current 

5 

V,N = DGND 

-1 



-1 



fjA 

liN(i) Logical "1" 

Input Current 

5 

< 

z 

II 

n< 

n 



1 



1 

M 

Supply Current, 

Bipolar Mode 

Icc/ Vcc Current 
•aCND/ 

Analog Ground Current 
Ivzs/ Vzs Current 

5 

Vcc = 5V + 10% 


-90 

5.3 

-5.0 

-300 


-90 

5.3 

-5.0 

-300 

< < < 

E 

Icc/ Vcc Current 

5 

Vcc = 12V ± 10% 



9.3 



9.3 

1 mA 

•aGND/ 

Analog Ground Current 
Ivzs/ Vzs Current 

_1 



-90 

-9.0 

-300 


-90 

-9.0 

-300 

> > 
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ELECTRICAL CHARACTERISTICS (Continued) 

Unless otherwise specified, = Tmin to Tmax^ Vcc - AGND = 5V ± 10% and 12V + 10% (Note 9), 

Vref in for ML2341 = 2.25V and 4.50V; for ML2351 Vref in = 2.50V and 5.00V, Vqut load is Rl = Ik and Cl = lOOpF, 
Vref load is Rl = IK and Cl = lOOpF and input control signals with tR = tp < 20ns. 





ML2341XCX, ML2351XCX 

ML2341XIX, ML2341XMX 
ML2351XIX, ML2351XMX 


PARAMETER 

NOTES 

CONDITIONS 

MIN 

TYP 

(Note 4) 

MAX 

MIN j 

TYP 

(Note 4) 

MAX 

UNITS 


Digital and DC (Continued) 


Supply Current, 

Unipolar Mode 
•co Vcc Current 

5 

Vcc = 5V ± 10% 


, 

6.0 



6.0 

mA 

Ugnd/ 

Analog Ground Current 





-4.3 



-4.3 

mA 

•vzs/ Vzs Current 





-1.7 



-1.7 

mA 

■co Vcc Current 

5 

Vcc = 12V ± 10% 



11.0 



11.0 

mA 

Ugnd/ 

Analog Ground Current 




-73 



-7.3 

mA 

Ivzs/ Vzs Current 





-3.7 



-3.7 

mA 


AC Performance 


Settling Time 
tsi 

5 

Figure 2, 

Output Step of AGND + 1V 
to Vcc - iy Rl = 1 K 


1 

1.2 

2.5 

I 

I 

1.2 


3.0 

fJS 

ts2 


Output Step of 

AGND + 100mV to 
Vcc-IOOmV, Rl = 100K 


2.5 

5 


2.5 


6 

/2S 

tS3 


Output Step of +1LSB 



1 




1 

fJS 

ts 4 . Gain Change 


Change of Any Gain Setting 


1.1 

2.5 


1.1 

L 

3 


twR/ WR Pulse Width 

5 

Figure 3 

40 



40 



ns 

txFER, XFER Pulse Width 

5 

Figure 3 

60 



60 



ns 

txwr to XFERl 

6 

Figure 3 

30 



30 



ns 

toBS/ DB0-DB7 

Setup Time 

5 

Figure 3 

40 



45 



ns 

toBH/ DB0-DB7 

Hold Time 

5 

Figure 3 

0 



0 



ns 

tcss/ CS Setup Time 

5 

Figure 3 

50 



50 



ns 

tcsH/ CS Hold Time 

5 

Figure 3 

0 



0 



ns 

tRESET/ Power-On 

Reset Time 

6 




16 



16 

fJS 


Note 1: Absolute maximum ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless otherwise 
specified are measured with respect to analog ground. 

Note 2: When the voltage at any pin exceeds the power supply rails (V|n < AGND or V|n > V^c) the absolute value of current at that pin 
should be limited to 25mA or less. 

Note 3: -55°C to +125®C operating temperature range devices are 100% tested at temperature extremes with worst-case test conditions. -40®C 

to +85°C operating temperature range devices are 100% tested with temperature limits guaranteed by 100% testing, sampling, or by 
correlation with worst-case test conditions. 

Note 4: Typicals are parametric norm at 25‘’C. 

Note 5: Parameter guaranteed and 100% production tested. 

Note 6: Parameter guaranteed. Parameters not 100% tested are not in outgoing quality level calculation. 

Note 7: Supply current and analog ground current are specified with the digital inputs stable and no load on Vq^j. 

Note 8: In unipolar operation with and AGND tied together, digital codes that represent an analog value of less than lOOmV from AGND 
should be avoided. 

Note 9: ML2341XXX/5 and ML2351XXX/5 are tested for 5V operation only and ML2341XXX/12 and ML2351XXX/12 are tested for 12V operation. 
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ANALOG 

OUTPUT 


GAIN 

ERROR 


IDEAL WITH 



DIGITAL INPUT 


Unipolar Mode 


Bipolar Mode 


Figure 1. Gain and Offset Error 



Figure 2. Settling Time 
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-tDBS-H -tDBH 

XFER TIED TO LOGIC "1" 


Figure 3a. Single Buffered Mode 



Figure 3b. Double Buffered Mode 


1.0 FUNCTIONAL DESCRIPTION 

1.1 D/A CONVERTER 

The D/A converter is implemented using an array of in the D/A converter. The D/A converter output current 

equal current sources that are decoded semi linearly is then converted to a voltage output by an output 

for the four most significant bits to improve differential buffer and a resistive network. The matching among the 

linearity and to reduce output glitch around major on-chip resistors preserves the gain accuracy between 

carries. See Figure 4. these conversions. 

The input voltage reference of the D/A converter is the The D/A converter can be used in a multiplying mode 

difference between Vrep in and AGND. This difference by modulating the reference input within the specified 

voltage is converted to a reference current using an Vrep in range, 

internal resistor to set up the appropriate current level 
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1.2 SINGLE-SUPPLY vs. DUAL-SUPPLY OPERATION 

ML2341 and ML2351 can be powered from a single 
supply ranging from 4.5V to 13.2V or dual supplies 
ranging from +2.25V to ±6.6V. 

The internal digital and analog circuitry is powered 
between Vqc and AGND. The range of DGND Is 
AGND < DGND < Vcc - 4.5V with the logic thresholds 
set between .8V and 2.0V above DGND (standard TTL 
logic level). The range of V^s Is AGND < Vzs ^ 

(Vcc - 2.25V). 

1.3 UNrPOLAR AND BIPOLAR OUTPUT VOLTAGE 
SWING 

The ML2341 and ML2351 can operate in either unipolar 
and bipolar output voltage mode. Unipolar/bipolar 
mode selection is determined by comparing the zero 
scale voltage (V^s) of these devices to a precise internal 
reference that is referred to AGND. V^s is ideally the 
voltage that will be produced at the DAC voltage 
output when the digital input data is set to all "O's". 
Unipolar mode is selected when V^s is lower than 1.00 
volt, and bipolar mode is selected when V^s is greater 
than 1.50 volts. 

1.3.1 Unipolar Output Mode 

In the unipolar mode, Vqut swings above V^s- Ideally 
the 00000000 code results in an output voltage of V^s, 
and the 11111111 code results in an output voltage of 
Vps X 255/256, where Vps is the full-scale voltage 
determined by Vrep in and the gain setting. 

1.3.2 Bipolar Output Mode 

In the bipolar mode, VouT swings around V^s. The 
input data is in 2's complement binary format. Ideally, 
the 00000000 code results In an output voltage of V^s; 
the 10000000 code results in an output voltage of (Vzs 
- Vps); and the 01111111 results in an output voltage of 
(Vzs Vps 127/128), where Vps is the full scale output 
voltage determined by Vrpp in and the gain setting. 

1.4 OUTPUT BUFFER AND GAIN SETTING 

The output buffer converts the D/A output current to a 
voltage output using a resistive network with proper 
gain setting determined by the GAIN 0 and GAIN 1 
inputs. There are four possible gain settings for unipolar 
output voltage mode and bipolar output voltage mode 
as listed below: 


Unipolar Output Voltage Mode 


GAIN 1 

GAIN 0 

GAIN 

Voltage Output Swing 
Relative to Vzs 

0 

0 

V4 

Vref in ^ V4 

0 

1 

1/2 

Vref in ^ V2 

1 

0 

1 

Vref in ^ 1 

1 

_1 

1 

2 

Vref in ^ 2 


Bipolar Output Voltage Mode 


GAIN 1 

GAIN 0 

GAIN 

Voltage Outputp.p 

0 

0 

V4 

±Vref in ^ Vs 

0 

1 

1/2 

=tVREF IN ^ V4 

1 

1 

0 

I 

1 

±Vref in ^ V2 

1 

1 

2 

±Vref in ^ 1 


The output buffer can source or sink as much as 10mA 
of current with an output voltage of at least IV from 
either Vcc of AGND. As the output voltage approaches 
Vcc Of AGND the current sourcing/sinking capability of 
the output buffer is reduced. The output buffer can still 
swing down to within lOmV of AGND and up to within 
40mV of Vcc with a 100K load at Vqut to AGND in the 
unipolar operation. In the bipolar operation, the output 
buffer swing is limited to about lOOmV from either rails. 

1.5 VOLTAGE REFERENCE 

A bandgap voltage reference is Incorporated on the 
ML2341 and ML2351. Two reference voltages can be 
produced by each device. An internal comparator 
monitors the power supply voltage to determine the 
selection of the reference voltage. A reference voltage 
of 2.25 volts on the ML2341 and 2.50 volts on the 
ML2351 Is selected when the supply voltage is less than 
approximately 750 volts. Otherwise, a reference voltage 
of 4.50 volts and 5.00 volts is selected. To prevent the 
comparator from oscillating between the two selections, 
avoid operation with a power supply between 7.0 and 
8.0 volts. 

The bandgap reference is trimmed for zero 
Temperature Coefficient (TC) at 35°C to minimize 
output voltage drift over the specified operating 
temperature range. 

The internal reference Is buffered for use by the DAC 
and external circuits. The reference buffer will source 
more than 5mA of current and sink more than 1mA of 
current. With Vref in connected to Vref ouT/ the 
following output voltage ranges of the DAC are 
obtained: 


ML2341 


Gain 

Setting 

Vref = 2.25V with 

Vcc ^ 7.0V 

Vref = 4.5V with 

Vcc ^ 8.0V 

Unipolar 

Bipolar 

Unipolar 

Bipolar 

1/4 

0 to 0.562V 

-0.281V to 
+0.281 V 

0 to 1125V 

-0.562V to 
+0.562V 

1/2 

0 to 1.125V 

-0.562V to 
+0.562V 

0 to 2.250V 

-1125V to 
+1125V 

1 

0 to 2.250V 

-1.125V to 
+1.125V 

0 to 4.500V 

-2.250V to 
+2.250V 

2 

0 to 4.500V 

-2.250V to 
+2.250V 

0 to 9.000V 

-4.500V to 
+4.500V 
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ML2351 


Gain 

Setting 

Vref = 2.50V with 

Vcc ^ 7.0V 

Vref = 5.00V with 

Vcc ^ 8.0V 

Unipolar 

Bipolar 

Unipolar 

Bipolar 

V4 

0 to 0.625V 

-0.3125V to 
+0.3125V 

0 to 1.25V 

-0.625V to 
+0.625V 

Vi 

0 to 1.250V 

-0.6250V to 
+0.6250V 

0 to 2.50V 

-1.250V to 
+1.250V 

1 

0 to 2.500V 

-1.2500V to 
+1.2500V 

0 to 5.00V 

-2.500V to 
+2.500V 

2 

0 to 5.000V 

-2.5000V to 
+2.5000V 

0 to 10.00V 

-5.000V to 
+5.000V 


An external reference can alternatively be used on 
Vref in to set the desired full scale voltage. The linearity 
of the D/A converter depends on the reference used, 
however. To insure integral linearity at an 8-bit level, a 
reference voltage of no less than 2V and no more than 
7V (2.75V for operation with a low-voltage power 
supply) should be used. 

1.6 DIGITAL INTERFACE 

The digital interface of the dev ice c onsists of a chip 
select input, CS, a write input, WR, a transfer input, 
XFER and eight data inputs, DBO through DB7. The 
digital interface operates in one of the two modes: 


1.6.1 Single-Buffered Mode 

To use the ML2341 and ML2351 in the single-buffered 
mode, tie XFER to logic "1". This will put the D/ A lat ch 
In the transparent mode and the rising edge of WR at 
low level of CS will latch the data on DB0-DB7 into the 
input latch as well as update the D/A output voltage. 

1.6.2 Double-Buffered Mode 

To use the devices in th e dou ble-buffered mode, timing 
information is appl ied t o WR as well as XFER inputs. 

The rising edge of WR at low level of CS will latch the 
data on DB0-DB7 into the input latch. The D/A output 
voltage will not be updated, however, until XFER is 
brought to a high level, which transfers the data from 
input latch to D/A latch. Note that the D/A latch Is a 
transparent latch controlled by the level, not edge, of 
the XFER input, any write operation to the input latch 
while XFER is still at a high level results in the 
immediate update of the D/A output voltage. 

1.7 POWER-ON-RESET 

The ML2341 and ML2351 have an internal power-on- 
reset circuit to initialize the device when power Is first 
applied to the device. The power-on-reset Interval of 
typically 8^^s begins when the supply voltage, Vcc 
reaches approximately 2.0V. During the power-on-reset 
interval, both the input and data latch are reset to all 
"O's". 
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2.0 TYPICAL APPLICATIONS 


ML2341, ML2351 



Figure 5. Using 4.50V Reference of D/A for Reference of A/D Using Single 5V Vcc ±10% 



Figure 6. TMS320 Interface with D/A Output 



L. 


Figure 7. Single 5V Supply Unipolar Vqut 
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2.0 TYPICAL APPLICATIONS (Continued) 



Figure 8. Single 12V Supply, Bipolar Vqut with 11-Bits Resolution Around Zero 



Figure 9. Hard Disc Drive Servo Coil Driver Providing 13-Bit Effective Resolution 
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ORDERING INFORMATION 



iNTEGRAL & DIFFERENTIAL 

TEMPERATURE 


PART NUMBER 

NON-LINEARITY 

RANGE 

PACKAGE 


Vref out = 2.25V with Vcc = 5V 


ML2341BMJ/5 

±V4 LSB 

-55°C to +125°C 

HERMETIC DIP (J20) 

ML2341BIJ/5 


-40°C to +85°C 

HERMETIC DIP (]20) 

ML2341BCP/5 


0 °C to +70°C 

MOLDED DIP (P20) 

ML2341BCQ/5 


0 °C to +70°C 

MOLDED PCC (Q20) 

ML2341CMJ/5 

±1/2 LSB 

-55°C to +125°C 

HERMETIC DIP (J20) 

ML2341Clj/5 


-40°C to +85°C 

. HERMETIC DIP (J20) 

ML2341CCP/5 


0 °C to +70°C 

MOLDED DIP (P20) 

ML2341CCQ/5 


0 °C to +70°C 

MOLDED PCC (Q20) 


Vref out “ 2.50V with \cc ~ 


ML2351BMJ/5 

±1/4 LSB 

-55°C to +125°C 

HERMETIC DIP (J20) 

ML2351BIJ/5 


-40°C to +85°C 

HERMETIC DIP (J20) 

ML2351BCP/5 


0 °C to +70°C 

MOLDED DIP (P20) 

ML2351BCQ/5 


0 °C to +70°C 

MOLDED PCC (Q20) 

ML2351CMJ/5 

±1/2 LSB 

-55°C to +125°C 

HERMETIC DIP (J20) 

ML2351CIJ/5 


-40°C to +85°C 

HERMETIC DIP (J20) 

ML2351CCP/5 


0 °C to +70°C 

MOLDED DIP (P20) 

ML2351CCQ/5 


0 °C to +70°C 

MOLDED PCC (Q20) 


Vref out “ 4.50V with V^c ~ 12V 


ML2341BMJ/12 

±1/4 LSB 

-55°C to +125°C 

HERMETIC DIP (J20) 

ML2341BIJ/12 


-40°C to +85°C 

HERMETIC DIP (j20) 

ML2341BCP/12 


0 °C to +70°C 

MOLDED DIP (P20) 

ML2341BCQ/12 


0 °C to +70°C 

MOLDED PCC (Q20) 

ML2341CMJ/12 

±1/2 LSB 

-55°C to +125°C 

HERMETIC DIP (J20) 

ML2341CIJ/12 


-40°C to +85°C 

HERMETIC DIP (j20) 

ML2341CCP/12 


0 °C to +70°C 

MOLDED DIP (P20) 

ML2341CCQ/12 


0 °C to +70°C 

MOLDED PCC (Q20) 


Vref out “ 5.00V with Vcc ~ 12V 


ML2351BMJ/12 

±1/4 LSB 

-55^C to +125°C 

HERMETIC DIP (j20) 

ML2351BIJ/12 


-40°C to +85°C 

HERMETIC DIP (J20) 

ML2351BCP/12 


0 °C to +70°C 

MOLDED DIP (P20) 

ML2351BCQ/12 j 


0 °C to +70°C 

MOLDED PCC (Q20) 

ML2351CMJ/12 

±1/2 LSB 

-55°C to +125°C 

HERMETIC DIP (J20) 

ML2351CIJ/12 


-40°C to +85°C 

HERMETIC DIP (J20) 

ML2351CCP/12 


0 °C to +70°C 

MOLDED DIP (P20) 

ML2351CCQ/12 


0 °C to +70°C 

MOLDED PCC (Q20) 
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DSP Analog I/O Peripheral 


GENERAL DESCRIPTION 

The M12377 is a complete analog I/O peripheral front- 
end for DSP based control system. It contains a high¬ 
speed 10-bit A/D converter, a two channel simultaneous 
sample/hold circuit, a 6 channel input multiplexer, a 10- 
bit E)/A converter and a 8-bit D/A converter. 

The two channel simultaneous sample/hold in 
conjunction with the multiple channel multiplexer 
provided on-chip is especially well suited for disk drive 
applications, where minimum skew positional channel 
conversion and flexible calibration sensing functions are 
desirable. 

Both input and output channel voltages are referenced to 
floating common points provided by the device. An 
additional common point is also available in the A/D 
input for flexibility. Bipolar conversion of ±2 volts around 
the floating point is provided by the chip. 

Channel multiplexing and common referencing control 
are provide on-chip via its easy to use microprocessing 
port. In addition, external control of the conversion start 
and MUX addressing is also available for the ML2377. 

The ML2375 is a 4 channel version of the ML2377. 


FEATURES 

■ 10-bit bipolar A/D resolution 

■ 10-bit bipolar and 8-bit bipolar D/A resolution 

■ 2ps A/D conversion time 

■ 2ps D/A settling time (ILSB, 4ps full scale) 

■ 2 channel simultaneous S/H 

■ 6 bipolar input channels 

■ A/D and D/A converters have no missing codes 

■ Inputs and outputs have floating commons 

■ ±2 volt input/output range with 2.5V reference 

■ Extra floating common input for A/D 

■ Programmable input MUX and common 

■ TMS320C14 compatible microprocessor interface 

■ Single 5 volt power supply 

■ External conversion start and MUX control (ML2377) 

■ Additional package and bond-out options available 
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PIN CONNECTION 


ML2377 

44-Pin QFP (G44) 


ML2375 

28-Pin SSOP (R28) 


^ l> z ^ ® 2 

U Ifti 1^ lu £ ca < Q 


< Q < Q Q 


44 43 42 41 40 39 38 37 36 35 34 ' 

O 3 



. 12 13 14 15 16 17 18 19 20 21 22 . 


Z Dl- 

UnnQn> > 02 

<>>N> >0 
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PIN DESCRIPTION 


NAME 

FUNCTiON 

NAME 

FUNCTION 

VZad2 

Programmable input common 

VoutO 

Voltage output of the 8-bit D/A converter. 

VZadi 

Default A/D input common. 

VouT^O 

Voltage output of the 10-bit D/A 

VZdaio 

10-bit D/A common. 


converter. 

VZdA8 

8 -bit D/A common. 

D9-D0 

Data I/O bit 9 through 0. 

START 

Active low input starts A/D converter. 

DVCC 

Digital power supply. -h5 vOlts ±5%. 

RESET 

Active low resets the 1C. 

AVCC 

Analog power supply. +5 volts ±5%. 

MUXO 

Multiplexer address bitO. 

DGND 

Digital ground. 

MUX1 

Multiplexer address bit 1. 

A1 

Register address 1. 

MUX2 

Multiplexer address bit 2. 

AO 

Register address 0. 

Vin5-G 

Analog input channels 5 through 0. 

BUSY 

Active high output indicates that an A/D 
conversion is in progress. 

Active high output indicating A/D 

AGND 

Analog ground. 

INT 

VRad 

Voltage reference input for establishing 
± full scale for the A/D converter. 


conversion complete. 

Active low chip select input. 


± full scale value is 0.8 of the voltage 



on VRad/ referenced to AGND. 

WR 

Write input, active low. 

VRg 

± full scale value for the 8-bit D/A 
converter is 0.8 of the voltage reference 


Read input, active low 


input on VRq, referenced to AGND. 

CLK 

Clock input. Clock can be generated by 
tying a crystal from this pin to DGND or 

VRio 

± full scale value for the 10-bit D/A 
converter is 0.8 of the voltage reference 


applying a clock directly to pin. 


input on VRiO/referenced to AGND. 

Note: ALE (Address Latch Enable) for demultiplexing address and data 

information can be made available on request. Consult Micro Linear for 


more information. 

Other pin-out options of the ML2377 are available on request. 
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ABSOLUTE MAXIMUM RATINGS OPERATING CONDITIONS 


Supply Voltages (AV^c DVcc).. 

Maximum Voltage Between AGND and DGND.IV 

Maximum Voltage Between AV^c and DV^c.0.3V 

Input Current per Pin.±25mA 

Package Dissipation @ 25°C.1W 

Lead Temperature (Soldering, 10 sec).300°C 


Temperature Range.0°C to +70°C 

Supply Voltage (AVcc and DV^c). T.SVqc to O.OVdc 

Absolute maximum ratings are those values beyond which 
the device could be permanently damaged. Absolute 
maximum ratings are stress ratings only and functional 
device operation in not implied. 


ELECTRICAL CHARACTERISTICS 

The following specifications apply for AVcc = DVcc = +5V ±5%, AGND = DGND = OV, T^ = Operating Temperature 
Range VZadi = VZad2 = VZdaio = VZqas = VRad = VRs = VR^o = 2.5V, Ta= Tmin to Tmax unless otherwise specified, 
Cl= 50pF for all digital outputs, VouT^ and VqutI 0 load is Rl = 1K and Cl = 1 OOpF, and input control signals with 
tR = tp 20ns, fcLK =11 MF^z. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

A/D Converter, S/H and Multiplexer Performance 


Integral Linearity Error 


1 


±3 

LSB 


Differential Linearity Error 




±1 

LSB 


Converter Resolution 

Vref = 2.5V 

10 



Bits 


Zero Error 

VZ - 2.5V 



±3 

LSB 


Positive and 

Negative Eull Scale Error 

Vref = 2.5V 



±3 

LSB 


Input Voltage Range 


0 


Vcc 

V 


DC Common Mode Error 

VZ = 2V, Vcc-2V 



±1/4 

LSB 


AC Common Mode Error 

0 to 250kHz 


TBD 


LSB 


AC Power Supply Sensitivity 

lOOmVp.p 100kHz Sinewave on Vqc 


TBD 


LSB 

■ 

Vrep Input Resistance 


2 


4 

kn 


Maximum Vrpp Input Voltage 

Referred to AGND 



2.6 

V 

■on 

On Channel Leakage Current 

OV < V|N < Vcc 

-1 


1 

pA 

■off 

Off Channel Leakage Current 

OV < V,N < Vcc 

-1 


1 

pA 

Con 

On Channel 

Input Capacitance 

OV < V,N < Vcc 


20 


pF 

CoFF 

Off Channel 

Input Capacitance 

OV < V|N < Vcc 


10 


pF 


Clock Duty Cycle 


30 


70 

% 

fcLK 

Input Clock Frequency 


1 


11 

MHz 

tc 

Conversion Time 

Including S/H Acquisition Time 


22 


1 /fcLK 

tACQ 

Acquisition Time 

Included in Conversion Time 


2 


1/fcLK 

SNR 

Signal to Noise Ratio 



TBD 


dB 

THD 

Total Harmonic Distortion 



TBD 


dB 

IMD 

Intermodulation Distortion 

1 _ 


TBD 


dB 
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ELECTRICAL CHARACTERISTICS (continued) 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

' -_1 

1 

TYP 

_1 

MAX 

UNITS 

10-Bit D/A Converter Performance 


Integral Linearity Error 

Vref = 2.5V 



±3 

LSB 


Differential Linearity Error 

Vref = 2.5V 



±1 

LSB 


Settling Time 

Vref = 2V, Settling to 
±l/2LSB,±1LSBStep 

4V Step 



2 

4 

' 

. HS 
^ ps 


Resolution 

< 

m 

If 

< 

10 



Bits 


Zero Error 




±5 

LSB 


-I- and - Full Scale Error 

1 



±1% 

FS 


Output Voltage Swing 

Vref = 2.5V 1 

0.25 


Vcc-0.25 

V 


Power Supply Sensitivity 

10OmVp.p, 1 kHz Sinewave on Vcc ’ 


TBD 


dB 


Vrep Input Resistance 



1 

_ 

MQ 


8-Bit D/A Converter Performance 



Integral Linearity Error 

Vref = 2.5V 



±1 

LSB 


Differential Linearity Error 

Vref = 2.5V 



±1 

LSB 


Settling Time 

Vref = 2 V, Settling to 
± 1/2LSB,±1LSB Step 

4V Step 



2 

4 

ps 

ps 


Resolution, 

Vref = 2.5V 

8 



Bits 


Zero Error 




±3 

LSB 


+ and - Full Scale Error 




±3 

LSB 


Output Voltage Range 

Vref = 2.5V 

0.25 


Vcc-0.25 

V 


Power Supply Sensitivity 

10OmVp.p, 1 kHz Sinewave on Vcc 


TBD 


dB 


Vref Input Resistance 



1 


MQ 


DC Characteristics 


liL 

Logic Input Current 

0 < v,N < Vco muxo-2, start, 

RESET, ALE 



±100 

pA 

l|N 

Logic Input Current 

0 < V||M < Vcc 



±1 

pA 

■iNC 

Clock input Current 

0 < V|N < Vcc 



±200 

ftA 

V,H 

Logic High 


2 



V 

V|L 

Logic Low 




0.8 

V : 

V(CLK)H 

Clock High 

(CLK Pin) ! 

3.7 



V 

V(CLK)L 

Clock LOW 

(CLK Pin) ' 



1.8 

V 

■off 

Output Leakage Current 

CS = V|H, 0 < Vqut < Vcc 

— 


±1 

pA 

VoL 

Output Low 

IOL = 2mA 



0.4 

V 

VOH 

Output High 

ioH = -1 niA 

2.4 



V 
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AC ELECTRICAL CHARACTERISTICS 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Supply Current (Vr^p = 2.5V, No Output Load) 


No Input Switching 



1 

10 

20 

mA 


Analog Ground Current 

Vref = 2.5V 



10 

mA 


Microprocessor Interface Read Cycle Timing 


tST 

START Pulse Width 


100 



ns 

tAD 

Address Stable to Data Valid 




55 ■ 

ns 

tAR 

Address Stable Before Read 


5 



ns 

tRA 

Address Hold After Read 


5 



ns 

tRR 

Read Pulse Width 


50 



ns 

tRD 

Data Valid from Read 




50 

ns 

tDF 

Read to Data Float 




20 

ns 

tRV 

Recovery Time 

Between Reads 


25 



ns 


Microprocessor Interface Write Cycle Timing 


Uw 

Address Stable Before Write 


5 



ns 

tWA 

Address Hold After Write 


5 



ns 

tww 

Write Pulse Width 


50 



ns 

tDS 

Data Valid Before Write 


30 



ns 

tpH 

Data Hold After Write 


15 



ns 

tRV 

Recovery Time 

Between Writes 


25 



ns 


Microprocessor Interface Interrupt and Busy Timing 


tci 

Clock to Interrupt Active 




50 

ns 

tRI 

Read to Interrupt Inactive 




100 

ns 

tCB 

Clock to Busy Active 

(ML2377 Only) 



50 

ns 

_2£5_i 

Clock to Busy Inactive 

(ML2377 0nly) 



50 

ns 
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Figure 1. Transfer Characteristics 


Figure 2. Gain and Offset Error 



Figure 3. Settling Time 



Figure 4. Read Cycle Timing 
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FUNCTIONAL DESCRIPTION 


M12375, ML2377 


DEVICE TYPES 

The family consists of two different devices: 

1) TheML2375 

It is a 28 pin device that contains the basic 10-bit A/D 
converter, 10-bit D/A converter, 8-bit D/A converter 
and a 4 channel multiplexer. 

2) TheML2377 

It is a 6 channel version of ML2375. In addition, the 
BUSY, INT and multiplexer control pins are also 
available to the user. 

ANALOG INPUT AND OUTPUT VOLTAGES 

The ML2375 and ML2377 allow the analog input and 
output voltages to be referenced to a common point. 

Thus, the input voltage swing and the offset of the ADC 
and the output voltage swing and the offset of the DAC 
can be defined by the voltage applied at the commons, 
VZadi/ VZad2/ VZdaio and VZda8- 

The voltage at the common for the 10-bit D/A converter 
and the 8-bit D/A converter are defined by VZdaio and 
VZda8 respectively. For the A/D inputs, channel 0 and 1 
common are defined by VZadi • The common of the other 
channels (2 to 5) may be programmed to VZad 2 by setting 
the on-chip control register (see Table 3). 

The peak full scale voltage is defined by the reference 
voltages. 

Vps = 0.8 X Vref 

Figure 1 shows the transfer function of the ML2375 and 
ML2377 and the relationship between VZ and Vps. 

A/D CONVERTER OPERATION 

Input Multiplexer Addressing 

The input multiplexer is addressed with either the MUXO 
to MUX2 pins or the internal multiplexer address register. 
The MUXO to MUX2 pins are not latched, and control the 
addressing of the multiplexer directly. If control of the 
multiplexer is to be done from the microprocessor 
addressable mux control register, then all MUX pins 
should be tied to a logic high. This condition, which is an 
illegal mux address, will then route control of the 
multiplexer addressing to the internal register, which is 
under microprocessor control. 

ML2375 multiplexer can only be addressed via its on-chip 
multiplexer register. 

Simultaneous Sample/Hold Function 

The simultaneous sample/hold function is only available 
on channels 0 and 1. When addressing channel 0 or 1 
with the external MUX pins or the internal register bits 
and starting a conversion, both channels will be sampled 
and held simultaneously. Two conversions will then 
proceed back to back, with the BUSY pin and status bit 
going active for two conversion times. The INT pin and 
status bit will go active after the completion of the first 


conversion. A read of the data register will then clear the 
INT pin and status bit. After the second conversion is 
completed, the INT pin and status bit will go active again, 
indicating the need for a read of the second result from 
the data register. If, however, the results of the first register 
are not read after the first conversion and before the 
second conversion, the INT pin and status bit remain 
active until the completion of the second conversion. The 
results of the first conversion remain in the data register, 
with the results of the second conversion stored in a 
holding register. After completion of the second 
conversion, which is indicated by the BUSY status bit or 
pin going inactive, both results can be obtained by 
successive reads of the data register. The INT pin and 
status bit are then cleared by the act of the second data 
register read. 

D/A CONVERTER OPERATION 

The D/A co nver ters are updated beginning on the rising 
edge of the WR pin. Settling time is measured from this 
point. 

Microprocessor Interface 

The ML2375 is presented as four ^ 0-bit registers to the 
microprocessor. These registers are addressed via the 
address pins AO and A1. The register map below describes 
the four registers. 

Converter Registers 

Table 1. A/D Converter Register 


ADDRESS 00 



D9 

- 1 

D8 

D7 

D6 

D5 

D4 

D3 

D2 

D1 

DO 

Data Bit 

9 

8 

7 

6 

5 

4 

3 

2 

1 

0 


Sign 

MSB 








LSB 


Table 2. D/A Converter Register 


ADDRESS 01 



D9 

D8 

D7 

D6 

D5 

D4 

D3 

D2 

D1 

DO 

D/A 10 

9 

8 

7 


5 ■; 

4 

3 I 

2 

1 

0 


Sign 

MSB 








LSB 


ADDRESS 10 



D9 

D8 

D7 

D6 

D5 

D4 

D3 

D2 

D1 

DO 

D/A 8 

7 

6 

5 

4 

3 

2 

1 

0 




Sign 

MSB 






LSB 

0 

0 
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REGISTER DESCRIPTIONS 
Register Address 00 

This register holds the results of the 10-bit A/D conversion 
results when read. The converted results are in 2 's 
complement form, where 0 is the potential at the common 
pin. Reading of this register also clears the INT status bit 
and the deasserts the INT pin on the falling edge of the RD 
pin. 

Register Address 01 

When written, it receives the 10-bit digital value for the 
10-bit D/A converter. All codes are in 2's complement 
form, where the 0 code indicates the potential at the 
VZdaio Of VZ/Vref pio- This register can also be read, 
which returns the previously written value. 

Register Address 10 

This register receives the 8 -bit digital value for the 8 -bit D/ 
A converter. This value is also in 2's complement format. 
When read, it returns the previously written value. 8 -bit 
data in this 10 -bit register is left justified. 

Control Register 

This is the control register. Functions such as A/D 
conversion start, multiplexer control, and A/D converter 
status are included. 


D9 When VZ 5 '= T, Channel 5 common = VZad 2 

D 8 When VZ4 = 1, Channel 4 common = VZad 2 

D 7 When VZ3 = 1, Channel 3 common = VZad 2 

D 6 When VZ 2 = 1, Channel 2 common = VZad 2 

D5 INT. It is equivalent to the INT pin. It provides 
indication that a conversion is completed. 

D4 BUSY. This bit is A/D converter status bit which 
provides indication that a conversion is in 
progress. It is equivalent to the BUSY pin of the 
ML2377. 

D3 START. This bit has the same function as the 

START pin. When this bit receives a 1, it will start 
a conversion. After the conversion has started, this 
bit is cleared after 4 clock cycles. 

D2 MUX2. MOX address bit 2. 

D1 MUX1. MUX address bit 1. 

DO MUXO. MUX address bit 0. 

CHIP RESET 

The chip is reset when a 0 is presented to the RESET pin. 
All registers are reset to 0. Therefore, the D/A and the A/D 
converters are all at zero scale and the multiplexer select 
is addressed to channel 0. Additionally, VZ 2 -VZ 5 are 
cleared in the control register. 


Table 3. Control Register 


ADDRESS 11 



D9 

D8 

D7 

D6 

D5 

D4 

D3 

D2 

D1 

DO 

ML2375 

0 

0 

0 

0 

INT 

BUSY 

START 

0 

MUX1 

MUXO 

ML2377 

VZ 5 

< 

N 

41 . 

VZ 3 

VZ 2 

INT 

BUSY 

START 

MUX2 

MUX1 

MUXO 



Figure 6. Interrupt Timing, ML2375, and ML2377 Figure 7. BUSY Timing, ML2377 
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ORDERING INFORMATION 


PART NUMBER 

PACKAGE 

COMMENTS 

ML2375CCP 

28-Pin DIP (P28) 

Multiplex Address and 

ML2375CCQ 

28-Pin PCC (Q28) 

Data Bus 

ML2375CCR 

28-Pin SSOP (R28) 


ML2377CCH 

44-Pin QFP (H44) 

Additional Analog Inputs, 
Individual Vref stid Vzs 
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Section 3 


Selection Guide. 3-1 

ML2003 Logarithmic Gain/Attenuator. 3-2 

ML2004 Logarithmic Gain/Attenuator. 3-2 

ML2008 (jP Compatible Logarithmic Gain/Attenuator. 3-13 

ML2009 pP Compatible Logarithmic Gain/Attenuator. 3-13 

ML2020 Telephone Line Equalizer. 3-22 

ML2021 Telephone Line Equalizer. 3-33 

ML2031 Tone Detector. 3-44 

ML2032 Tone Detector. 3-44 

ML2035 Programmable Sinewave Generator. 3-52 

ML2036 Programmable Sinewave Generator. 3-52 

ML2110 Universal Dual Filter. 3-64 

ML2111 Universal Hi-Frequency Dual Filter. 3-83 
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Selection Guide 


Gain/Attenuators 


Part 

Number 

Gain 

Range 

(dB) 

Resolution 
(dB Steps) 

Noise 

(dBrnc 

(a) Max Gain) 

Harmonic 

Distortion 

(dB) 

Digital 

Interface 

Power 

Supplies 

(V) 

Temperature 

Range 

C 1 

Package 

ML2003 

-24 to +24 

0.1 

0 

-60 

Serial, 

Hard Wire 

±5 

X 

X 

18-pin DIP 
20-pin PCC 

ML2004 

-24 to +24 

0.1 

0 

-60 

Serial 

+5 

X 

X 

14-pin DIP 

ML2008 

-24 to +24 

0.1 

0 

-60 

8-Bit //P 

±5 

X 

X 

18-pin DIP 
20-pin PCC 

ML2009 

-24 to +24 

0.1 

0 . 

-60 

16-Bit /iP 

±5 

X 

X 

18-pin DIP 
20-pin PCC 


Equalizers 


Part 

Number 

Frequency 

Response 

Adjustable 

Idle 

Channel 

Noise 

(dBrnc) 

Harmonic 

Distortion 

(dB) 

Comment 

Interface 

Interface 

Power 

Supplies 

(V) 

Temperature 

Range 

C 1 

Package 

ML2020 

Slope, 

Height 

Bandwidth 

8 

-48 

60 Hz 
Rejection 

Serial 

±5 

X 

X 

16-pin DIP 
18-pin SOIC 

ML2021 

_i 

Slope 

Height 

Bandwidth 

8 

-48 

Group 

Delay 

Optimized 

Serial 

±5 

X 

X 

16-pin DIP 
18-pin SOIC 


Tone Detectors 


Part 

Number 

Detect 

Frequency 

(Hz) 

Dynamic 

Range 

Detect 

(dBm) 

Frequency 

Template 

(Hz) 

Comment 

Power 

Supplies 

(V) 

Temperature 

Range 

C 1 

Package 

ML2031 

IK to 4K 

-34 to +6 

Detect ±10 

No Detect ±36 

Exceed Bell Pub 43004, 
Clock Outputs of 

CLKin ^2, ^8 

±5 ' 

X 

X 

8-pin DIP 

ML2032 

IK to 4K 

-34 to +6 

Detect ±10 

No Detect ±36 

Exceed Bell Pub 43004, 
Uncommitted Op Amp 

±5 

X 

X 

8-pin DIP 


Programmable Sinewave Generators 


Part 

Number 

Frequency 

Range 

(Hz) 

Min 

Resolution 

(Hz) 

Gain 

Error 

(dB) 

Harmonic 

Distortion 

(dB) 

Comment 

Digital 

Interface 

Power 

Supplies 

(V) 

Temperature 

Range 

C 1 

Package 

ML2035 

DC to 25K 

±.75 

±.1 

-45 

Voltage 

Amplitude 

Vcc/2 

Serial 

±5 

X X 

8-pin DIP 

ML2036 

DC to 50K 

±.75 

.±.1 

-45 

Adj. Voltage 

Amplitude, 

Clock 

Outputs of 
CLKin ^2, ^8 

Serial 

±5 

X X 

14-pin DIP 
16-pin SOIC 
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Logarithmic Gain/Attenuator 


GENERAL DESCRIPTION 

The ML2003 and ML2004 are digitally controlled 
logarithmic gain/attenuators with a range of -24 to 
+24dB in O.ldB steps. 

The gain settings are selected by a 9-bit digital word. 
The ML2003 digital interface is either parallel or serial. 
The ML2004 is packaged in a 14-pin DIP with a serial 
Interface only. 

Absolute gain accuracy is O.OSdB max over supply 
tolerance of +10% and temperature range. 

These CMOS logarithmic gain/attenuators are designed 
for a wide variety of applications in telecom^ audio, 
sonar, or general purpose function generation. One 
specific intended application is analog telephone lines. 


FEATURES 

■ Low noise 0 dBrnc nnax with +24dB gain 

■ Low harmonic distortion -60dB max 

■ Gain range -24 to+24dB 

■ Resolution O.ldB steps 

■ Flat frequency response ±.05dB from .3-4kHz 

i.lOdB from .1-20kHz 

■ Low supply current 4mA max from ±5V supplies 

■ TTL/CMOS compatible digital interface 

■ ML2003 has pin selectable serial or parallel 
interface; ML2004 serial interface only 

■ Standard 14-pin or 18-pin 0.3" center DIP or 20- 
pln molded chip carrier package 


BLOCK DIAGRAM 


PIN CONNECTIONS 


Vcc 


Pdn a GND Vss 



ML2003 
18-PIN DIP 


C3 [ 

1 


(LATI)C2 [ 

2 

17 

(SID)CI [ 

3 

16 

(LATO)CO [ 

4 

15 

Pdn C 

5, 

14 

F3C 

6 

13 

(SCK)F2 [_ 

7 

12 

f’C 

8 

11 

GND [_ 

9 

10 


CAIN 


(SCK) 


NOTE; SERIAL MODE FUNCTIONS INDICATED BY PARENTHESES. 


ML2003 
20-PIN PCC 


^ - e u 

r- CN m L. U 

U U U !< ST 

i.n n n n n 


ML2004 
14-PIN DIP 


CO(LATO) [ 4 
NC [ 5 
Pdn C 6 
F3 [7 
F2 (SCK) [ 8 


1 20 19 
O 18 p VoUT 
17] Vss 
16 3 A GND 


15 


P, NC 


14p NC 


1 


2 

13 

3 

12 

4 

11 

5 

10 

6 

9 

7 

8 


S £ 


5 Q S 


TOP VIEW 


] A GND 
2 ViN 
2 NC 
2 
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PIN DESCRIPTION 


NAME FUNCTION 


NAME FUNCTION 


C3 

(LATI) C2 


(SID) Cl 


(LATO) CO 


Pdn 


F3 

(SCK) F2 


In serial mode, pin is unused. In parallel 
mode, coarse gain select bit. Pin Fias 
internal pulldown resistor to GND. 

In serial mode, input latch clock which 
loads the data from the shift register 
into the latch. In parallel mode, coarse 
gain select bit. Pin has internal 
pulldown resistor to GND. 

In serial mode, serial data input that 
contains serial 9 bit data word which 
controls the gain setting. In parallel 
mode, coarse gain select bit. Pin has 
internal pulldown resistor to GND. 

In serial mode, output latch clock which 
loads the 9 bit data word back into the 
shift register from the latch. In parallel 
mode, coarse gain select bit. Pin has 
internal pulldown resistor to GND. 
Powerdown input. When Pqn = device 
is in powerdown mode. When Pqn = 0, 
device is in normal operation. Pin has 
internal pulldown resistor to GND. 

In serial mode, pin is unused. In parallel 
mode, fine gain select bit. Pin has 
internal pulldown resistor to GND. 

In serial mode, shift register clock 
which shifts the serial data on SID into 
the shift register on rising edges and 
out on SOD on falling edges. In parallel 
mode, fine gain select bit. Pin has 
internal pulldown resistor to GND. 


FI 

GND 

SER/^ 


(SOD) FO 


V|N 

AGND 


Vss 

VoUT 

Vcc_ 

ATTEN/GAIN 


In serial mode, pin is unused. In 
parallel mode, fine gain select bit. Pin 
has internal pulldown resistor to GND. 
Digital ground. 0 volts. All digital inputs 
and output are referenced to this 
ground. 

Seri al or parallel select input. When 
SER/PAR = 1, de vice is in serial mode. 
When SER/PAR = 0, device Is In parallel 
mode. Pin has internal pullup resistor to 
Vcc- 


In serial mode, serial output data which 
is the output of the shift register. In 
parallel mode, fine gain select bit. Pin 
has internal pulldown resistor to GND. 
Analog input. 

Analog ground. 0 volts. Analog Input 
and output are referenced to this 
ground. 

Negative supply. -5 volts +10%. 

Analog output. 

Positive supply. +5 volts ±10%. 

In serial mode, pin is unused. In 
parallel mode, attenuation/gain select 
bit. Pin has internal pulldown resistor to 
GND. 


ABSOLUTE MAXIMUM RATINGS 

(Note 1) 

Supply Voltage 

Vrr.+6.5V 

Vss.-6.5V 

AGND with respect to GND.+.5V 

Analog Input and Output.Vss - to \/qq + 0.3V 

Digital Inputs and Outputs.GND - 0.3V to Vcc 6-3V 

Input Current Per Pin.±25mA 

Power Dissipation. 750mW 

Storage Temperature Range.-65°C to +150°C 

Lead Temperature (soldering, 10 sec). 300°C 


OPERATING CONDITIONS 


Temperature Range (Note 2) 

ML2003CP, ML2004CP, ML2004CQ.0°C to +70°C 

ML2003lj, ML2004IJ.. -40°C to +85°C 

Supply Voltage 

Vcc.4V to 6V 

Vss.-4V to -6V 
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ML2003, ML2004 
ELECTRICAL CHARACTERISTICS 


Unless otherwise specified Ta = Tmin to Tmax. Vcc = 5V ±10%, Vss = -5V ±10%, Data Word: ATTEN/GAIN = 1, 
Other Bits = 0 (OdB Ideal Gain), Cl = lOOpF, Rl = 6000, SCK = LATI = LATO = 0, dBm measurements use 6000 as 
reference load, digital timing measured at 14V. 







TYP 



SYMBOL 

PARAMETER 

NOTES 

CONDITIONS 

MIN 

NOTE 3 

MAX 

UNITS 


Analog 


AG 

Absolute gain accuracy 

4 

V,N = 8dBm, 1kHz 

-0.05 


-K).05 

dB 

RG 

Relative gain accuracy 

4 

100000001 

-.05 


+.05 

dB 

■ 



000000000 

-.05 


+.05 

dB 




000000001 

-.05 


+.05 

dB 




All other gain settings 

All values referenced to 100000000 gain 
when ATTEN/GAIN = 1, V|n = 8dBm 
when ATTEN/GAIN = 0, 

-0.1 


■K).1 

dB 




Vjisi = (8dBm - Ideal Gain) in dB 





FR 

Frequency response 

4 

300-4000HZ 

-0.05 


+0.05 

dB 




100-20,000 Hz 

Relative to 1kHz 

-0.1 


+0.1 

dB 

VOS 

Output Offset Voltage 

4 

V|N = 0^ +24dB gain 



±100 

mV 

ICN 

Idle Channel Noise 

4 

V|N = 0, +24dB gain, C msg. Weighted 


-6 

0 

dBrnc 



5 

V|N = 0, +24dB gain, 1kHz 


450 

900 

nv/\/Hz^ 

HD 

Harmonic Distortion 

4 

V,N = 8dBm, 1kHz 

Measure 2nd, 3rd harmonic relative 
to fundamental 



-60 

dB 

SD 

Signal to Distortion 

4 

V,N = 8dBm, 1kHz. 

C msg. weighted 

+60 



dB 

PSRR 

Power Supply Rejection 

4 

200mVp.p, 1kHz sine. Vim = 0 








on Vcc 


-60 

-40 

dB 




on Vss 


-60 

-40 

dB 

Z|N 

Input Impedance, V|n 

4 


1 



Meg 

V|nr 

Input Voltage Range 

4 


±3.0 



V 

Vqsw 

Output Voltage Swing 

4 


±3.0 



V 


Digital and DC 


V,L 

Digital Input Low Voltage 

4 

!- 



.8 

V 

V,H 

Digital Input High Voltage 

4 


2.0 



V 

VoL 

Digital Output Low Voltage 

4 

Iql = 2mA 



.4 

V 

Vqh 

Digital Output High Voltage 

4 

Iqh = -1mA 

4.0 



V 

•ns 

Input Current, SER/PAR 

4 

V|H = GND 

-5 


-100 


•nd 

Input Current. All Digital 

Inputs Except SER/PAR 

4 

u 

II 

X 

:> 

5 


100 

//A 

•cc 

Vcc Supply Current 

4 

No output load, V|l = GND, 

V,H = Vco ViN = 0 



4 

mA 

•ss 

Vss Supply Current 

4 

No output load, V|l = GND, 

V|H = Vcc. V|N = 0 



-4 

mA 

■ccp 

Vcc Supply Current, 
Powerdown Mode 

4 

No output load, V|l = GND, 

V|H = Vcc 



.5 

mA 

•ssp 

Vss Supply Current 

Powerdown Mode 

4 

No output load, V|l = GND, 

V|H = Vcc 



-.1 

mA 
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ML2003, ML2004 


ELECTRICAL CHARACTERISTICS (Continued) _ 

Unless otherwise specified Ta = Tmin to Tmax^ ^cc - 5V ±10%, Vss = -5V ±10%, Data Word: ATTEN/GAIN = 1, 
Other Bits = 0 (OdB Ideal Gain), Cl = lOOpF, Rl = 6000, SCK = LATI = LATO = 0, dBm measurements use 6000 as 
reference load, digital tlnriing measured at 1.4V. Cl = lOOpF or SOD. 







TYP 



SYMBOL 

PARAMETER 

NOTES 

CONDITIONS 

MIN 

NOTE 3 

MAX 

UNITS 


AC Characteristics 


tSET 

Vqut Settling Time 

4 

V|N = 0.185V. Change gain from -24 to 
+24dB. Measure from LATI rising edge 
to when Vqut settles to within O.OSdB 
of final value. 



20 

fJS 

tSTEP 

Vqut Step Response 

4 

Gain = +24dB. V,n = -0.185V to -K).185V 
step. Measured when Vqut settles to 
within 0.05dB of final value. 



20 

A/s 

tsCK 

SCK On/Off Period 

4 


250 



ns 

ts 

SID Data Setup Time 

4 


50 



ns 

tH 

SID Data Hold Time 

4 


50 



ns 

to 

SOD Data Delay 

4 


0 


125 

ns 

t|pw 

LATI Pulse Width 

4 


50 



ns 

topw 

LATO Pulse Width 

4 


50 



ns 

t|S^ tos 

LATI, LATO Setup Time 

4 


50 



ns 

t|H^ toH 

LATI, LATO Hold Time 

5 


50 



ns 

tpLD 

SOD Parallel Load Delay 

4 


0 


125 

ns 


Note 1: Absolute maximum ratings are limits beyond which the life of the Integrated circuit may be impaired. All voltages unless 
otherwise specified are measured with respect to ground. 

Note 2: 0°C to 70°C and -40°C to +85°C operating temperature range devices are 100% tested with temperature limits 
guaranteed by 100% testing, sampling, or by correlation with worst-case test conditions. 

Note 3: Typicals are parametric norm at 25°C. 

Note 4: Parameter guaranteed and 100% production tested. 

Note 5: Parameter guaranteed, parameters not 100% tested are not in outgoing quality level calculation. 


TIMING DIAGRAM 




TIMING PARAMETERS ARE REFERENCED TO THE 1.4 VOLT MIDPOINT. 

Figure 1. Serial Mode Timing Diagram 
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ML2003, ML2004 


TYPICAL PERFORMANCE CURVES 


ATTEN: V|n = .SVrms 


GAIN: ViN = .5Vrms/GAIN SETTING 


GAIN 

J = + 18dB' 



GAIN = + 12dB 

■■■■ 



GAIN = + 0, -24dB 






ATTEN: V|N = 2Vrms 


GAIN: V|N = 2Vrms/GAIN SETTING 


GAIN = +24dB 


GAIN = OdB 


iini 


GAIN = +24dB 


GAIN = -24dB 




100 1K 

FREQUENCY (Hz) 


Figure 4. Output Noise Voltage vs Frequency 


my 

■ 

■ 

■ 

1 

1 

HI 

■n 

Hj 

■ 

■ 


Bl 

Bi 

■n 

■1 




IB 


HH 

■1 


n 

■1 

n 


mm 

■ 

■ 

■1 


■ 


SHV 

L|m 


■■1 

^■1 
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ML2003, ML2004 


TYPICAL PERFORMANCE CURVES (Continued) 



-24 -18 -12 -6 0 6 12 18 24 


GAIN SETTING (dB) 

Figure 8. S/N + D vs Cain Setting (V|im/Vout = 2Vrms) 



-24 -18 -12 -6 0 6 12 18 24 

GAIN SETTING (dB) 

Figure 9. S/N + D vs Gain Setting (Vin/Vqut = -SVrms) 


1.0 FUNCTIONAL DESCRIPTION 

The ML2003 consists of a coarse gain stage, a fine gain 
stage, an output buffer, and a serial/parallel digital 
interface. 

1.1 Gain Stages 

The analog input. Vim, goes directly into the op amp 
input in the coarse gain stage. The coarse gain stage 
has a gain range of 0 to 22.5dB in 1.5dB steps. 

The fine gain stage is cascaded onto the coarse section. 
The fine gain stage has a gain range of 0 to 1.5dB in 
0.1 dB steps. 

In addition, both sections can be programmed for 
either gain or attenuation, thus doubling the effective 
gain range. 

The logarithmic steps in each gain stage are generated 
by placing the input signal across a resistor string of 16 
series resistors. Analog switches allow the voltage to be 
tapped from the resistor string at 16 points. The resistors 
are sized such that each output voltage is at the proper 
logarithmic ratio relative to the input signal at the top 
of the string. Attenuation is Implemented by using the 
resistor string as a simple voltage divider, and gain is 
implemented by using the resistor string as a feedback 
resistor around an internal op amp. 

1.2 Gain Settings 

Since the coarse and fine gain stages are cascaded, their 
gains can be summed logarithmically. Thus, any gain 
from -24dB to +24dB in 0.1 dB steps can be obtained by 


combining the coarse and fine gain settings to yield the 
desired gain setting. The relationship between the 
digital select bits and the corresponding analog gain 
values is shown in Tables 1 and 2. Note that C3-C0 
seleas the co arse gain, F3-F0 selects the fine gain, and 
ATTEN/GAIN selects either attenuation or gain. 

1.3 Output Buffer 

The final analog stage is the output buffer. This 
amplifier has internal gain of 1 and is designed to, 
drive 600 ohms and lOOpF loads. Thus, it is suitable 
for driving a telephone hybrid circuit directly without 
any external amplifier. 

1.4 Power Supplies 

The digital section is powered between Vcc and GND, 
or 5 volts. The analog section is powered between V^c 
and Vss and uses AGND as the reference point, or +5 
volts. 

GND and AGND are totally isolated inside the device 
to minimize coupling from the digital section into the 
analog section. However, AGND and GND should be 
tied together physically near the device and ideally 
close to the common power supply ground 
connection. 

Typically, the power supply rejection of Vcc and Vss 
to the analog output is greater than -60dB at 1kHz. If 
decoupling of the power supplies Is still necessary In a 
system, Vcc and Vss should be decoupled with 
respect to AGND. 
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ML2003, ML2004 

FUNCTIONAL DESCRIPTION (Continued) 


table 1. Fine Cain Settings (C3<-C0 = 0) 


F3 

F2 

FI 

FO 

Ideal Gain (dB) 

ATTEN/GAIN = 1 ATTEN/GAIN = 0 

0 

0 

0 

0 

.0 

.0 

0 

0 

0 

1 

-.1 

.1 

0 

0 

1 

0 

-.2 

.2 

0 

0 

1 

1 

-.3 

.3 

0 

1 

0 

0 

-.4 

.4 

0 

1 

0 

1 

-.5 

.5 

0 

1 

1 

0 

-.6 

,6 

0 

1 

1 

1 

-.7 

.7 

1 

0 

0 

0 

-.8 

.8 

1 

0 

0 

1 

-.9 

.9 

1 

0 

1 

0 

-1.0 

1.0 

1 

0 

1 

1 

-1.1 

1.1 

1 

1 

0 

0 

-1.2 

1.2 

1 

1 

0 

1 

-1.3 

1.3 

1 

1 

1 

0 

-1.4 

1.4 

1 

1 

1 

1 

-1.5 

1.5 


1.5 Powerdown Mode 

A powerdown mode can be selected with pin Pdn. 
When Pqn = the device is powered down. In this 
state^ the power consumption is reduced by removing 
power from the analog section and forcing the analog 
output, VouT^ to a high impedance state. While the 
device is in powerdowri mode, the digital section is still 
functional and the current data word remains stored in 
the latch when in serial mode. When Pqn = 0^ the 
device is in normal operation. 

1.6 Digital Section 

The ML2003 can b e op erated with a serial or parallel 
Interface. T he S ER/PAR pin selects the desired interface. 
Wh en SE R/PAR - 1, the serial mode is selected. When 
SER/PAR = 0, the parallel mode is selected. The ML2004 
digital interface is serial only. 

1.6.1 Serial Mode 

Serial mode is selected by setting SER/PAR pin high. 
The serial interface allows the gain settings to be set 
from a serial data word. 

The timing for the serial mode is shown in Figure 10. 
The serial input data, SID, is loaded into a shift register 
on rising edges of the shift clock, SCK. The data can be 
parallel loaded into a latch when the input latch signal, 
LATI, is high. The LATI pulse must occur when SCK is 
low. In this way, a new data word can be loaded into 
the shift register without disturbing the existing data 
word in the latch. 

The parallel outputs of the latch control the 
attenuation/gain setting. The order of the data word 
bits in the latch is shown in Figure 11. Note that bit 0 is 
the first bit of the data word clocked into the shift 
register. Tables 1 and 2 describe how the data word 
progrands the gain. 


Table 2. Coarse Gain Settings (F3-F0 = 0) 


C3 

C2 

Cl 

CO 

Ideal Gain fdB) 

ATTEN/GAIN = 1 ATTEN/GAIN = 0 

0 

0 

0 

0 

.0 

.0 

0 

0 

0 

1 

-1.5 

1.5 

0 

0 

1 

0 

-3.0 

3.0 

0 

0 

1 

1 

-4.5 

4.5 

0 

1 

0 

0 

-6.0 

6.0 

0 

1 

0 

1 

-7.5 

7.5 

0 

1 

1 

0 

-9.0 

9.0 

0 

1 

1 

1 

-10.5 

10.5 

1 

0 

0 

0 

-12.0 

12.0 

1 

0 

0 

1 

-13.5 

13.5 

1 

0 

1 

0 

-15.0 

15.0 

1 

0 

1 

1 

-16.5 

16.5 

1 

1 

0 

0 

-18.0 

18.0 

1 

1 

0 

1 

-19.5 

19.5 

1 

1 

1 

0 

-21.0 

21.0 

1 

1 

1 

1 

-22.5 

22.5 


The device also has the capability to read out the data 
word stored in the latch. This can be done by parallel 
loading the data from the latch back into the shift 
register when the latch signal, LATO, Is high. The LATO 
pulse must occur when SCK Is low. Then, the data 
word can be shifted out of the shift register serially to 
the output, SOD, on falling edges of the shift clock, 
SCK. 

The loading and reading of the data word can be done 
continuously or in bursts. Since the shift register and latch 
circuitry inside the device is static, there are no niinimum 
frequency requirernents on the clocks or data pulses. 
However, there is coupling (typically less than lOO/iV) of the 
digital signals Into the analog section. This coupling can be 
minimized by clocking the data bursts in during noncritical ' 
intervals or at a frequency outside the analog frequency 
range. 

1.6.2 Parallel Mode 

The parallel mode is selected by setting SER/PAR pin 
low. The parallel interface allows the gain settings to be 
set with external switches or from a parallel 
microprocessor interface. 

In parallel mode, the shift register and latch are 
bypassed and connections are made direct ly to the gain 
select bits with external pins ATTEN/GAIN, C3-C0, and 
F3-F0. Tables 1 and 2 desc ribe h ow these pins program 
the gain. The pins ATTEN/GAIN, G3-C0, and F3-F0 have 
internal pulldown resistors to GND. The typical value of 
these pulldown resistors is 1(X)kO. 
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APPLICATIONS 



ML2004 

ML2020 


LOG GAIN/ATTEN 

EQUALIZER 

ML2003 


V|N VoUT 

ATTEN/GAIN 

C3-C0 

F3-F1 




Figure 15. AGC For DSP Or Modem Front End 
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APPLICATIONS (Continued) 


ML2003 



ML2003 



FROM 

OR 

SWITCHES 


Figure 16. Analog ACC 


Figure 17. Digitally Controlled Volume Control 


ML2003 



fCLKI DETERMINES PEAK ACQUIRE TIME 
fCLK2 DETERMINES PEAK HOLD TIME 


Figure 18. Precision Peak Detector (±1%) with Controllable Acquire and Hold Times 
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M12003,ML2W 

ORDERING INFORMATION 


PART NUMBER 

TEMP. RANGE 

PACKAGE 

ML2003IJ 

-40°Cto+85°C 

HERMETIC DIP (J18) 

ML2003IP 

-40°C to +85°C 

MOLDED DIP (P18) 

ML2003IQ 

-40°C to +85°C 

MOLDED PCC (Q20) 

M12003CP 

0°C to +70°C 

MOLDED DIP (P18) 

ML2003CQ 

-40°G to +85°C 

MOLDED PCC (Q20) 

ML2004IJ 

-40®C to +85°C 

HERMETIC DIP (J14) 

ML2004IP 

-40°C to +85°C 

MOLDED DIP (P14) 

ML2004CP 

0°C to +70°C 

MOLDED DIP (P14) 
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Micro Linear _ ML2008, ML2009 

jjL? Compatible Logarithmic Gain/Attenuator 


GENERAL DESCRIPTION 

The ML2008 and ML2009 are digitally controlled logarithmic 
gain/attenuators with a range of -24 to +24dB inO.ldB 
steps. 

Easy interface to microprocessors is provided by an input 
latch and control signals consisting of chip select and write. 

The interface for gain setting of the ML2008 is by an 8-bit 
data word, while the ML2009 is designed to interface to a 
16-bit data bus or with an 8-bit data bus with a single write 
operation by hard-wiring the gain/attenuation pin or LSB pin. 
The ML2008 can be power downed by the microprocessor 
utilizing a bit in the second write operation. 

Absolute gain accuracy is O.OS dB max over supply tolerance 
of ±107o and temperature range. 

These CMOS logarithmic gain /attenuators are designed for a 
wide variety of applications in telecom, audio, sonar, or gen¬ 
eral purpose function generation. 


FEATURES 

■ Low noise OdBrnc max with +24dB gain 

■ Low harmonic distortion -60dB max 

■ Gain range -24 to +24dB 

■ Resolution 0.1 dB steps 

■ Flat frequency response ±O.OSdB from 0.3-4kHz 

±0.10dB from 0.1-20kHz 

■ Low supply current 4mA max from ±5V supplies 

■ TTL/CMOS compatible digital interface 

■ ML2008 is designed to interface to an 8-bit data bus; 
ML2009 to 16-bit data bus. 

■ Standard 18-pin 0.3" center DIP or 20-pin molded 
chip carrier package 


BLOCK DIAGRAMS 


ML2008 


ML2009 


Vcc 

9 

Vss 

9 

GND AGND 

Vcc 

9 

Vss 

9 

GND AGND 

T 

-1-5 

T 

-5 

1 1 

T 

+5 

T 

-5 

i 1 




D1-D8 
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PIN CONNECTiONS 


ML2008 ML2009 

18-PIN dip 18 -pin DIP 



TOP VIEW TOP VIEW 


20-PIN PLCC 


20-PIN PLCG 



TOP VIEW 


TOP VIEW 


PIN DESCRIPTION 


NAME FUNCTION NAME FUNCTION 

Vss Negative supply.-5 volts ±10% D3 Data bit, F3 

Vcc Positive supply. 5 volts ±10% D2 Data bit, PpM, F2 ML2008; F2 


GND 

Digital ground. Ovolts. All digital 
inputs are referenced to this 
ground. 

AGND 

Analog ground. Ovolts. Analog 
input and output are referenced to 
this ground. 

V|N 

Analog input 

VquT 

Analog output , 

D8 

Data bit, ATTEN/GAIN 

D7 

Data bit, C3 

D6 

Data bit, C2 

D5 

Data bit. Cl 

D4 

Data bit, CO 


ML2009 

D1 Data bit, FO, FI ML2008; FI 

ML2009 

DO Data bit, F0ML2009 only 

WR Write enable. This input latches 

the data bits into the registers on 
risi ng edges of WR. 

CS Chip select. This input selects the 

device by only allowing the WR 
signal to latch in data when CS is 
low. 

AO (ML2008 only) Address select. This input deter¬ 
mines which data word is being 
written into the registers. 
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ABSOLUTE MAXIMUM RATINGS 

(Note 1) 


Supply Voltage 

Vcc . 

Vss . 

AG N D with Respect to G N D . 

Analog Inputs and Outputs . 

Digital Inputs and Outputs . 

Input Current Per Pin . 

Power Dissipation . .. 

Storage Temperature Range . 

Lead Temperature (Soldering 10 sec.) 


. +6.5V 

. -6.5V 

.to V 55 

. Vss -0.3 V to Vcc +0.3 V 
GND -0.3 V to Vcc +0.3V 

. ±25mA 

. 750 mW 

. -65°Cto+150°C 

. 300°C 


OPERATING CONDITIONS 


Temperature Range (Note 2) 
ML2008CB ML2009CP . 
ML2008CQ, ML2009CQ 
ML2008!j,ML2009IJ . . . 
Supply Voltage 

Vcc . 

Vss . 


. . 0°Cto +70°C 
. . 0°Cto +70°C 
-40°Cto +85° C 

.4Vto6V 

. . . -4Vto - 6 V 


ELECTRICAL CHARACTERISTICS _ 

Unless otherwise specified Ta = Tmin ^oTmaX/ Vcc = 5V±107o, Vss= -5V±107o, Data Word: D8 (ATTEN/GAIN) = 1, Other 
Bits = 0, (OdB Ideal Gain), CL = 100pF, Rl = 600Q, dBm measurements use 600Q as reference load, digital timing measured at 
1.4V. 







TYP 

1 


SYMBOL 

PARAMETER 

NOTES 

CONDITIONS 

MIN 

NOTE 3 

MAX 

UNITS 


ANALOG 


AG 

Absolute Gain Accuracy 

4 

V|N=8dBm,1kHz 

-0.05 


+0.05 

dB 

RG 

Relative Gain Accuracy 

4 

100000001 

-0.05 


+0.05 

dB 




000000000 

-0.05 


+0.05 

dB 




000000001 

-0.05 


+0.05 

dB 




All other gain settings 

- 0.1 


+ 0.1 

dB 




All values referenced to 100000000 gain 
when D 8 (ATTEN/GAIN) = 1, V,N = 8 dBm 








when D 8 (ATTEN/GAIN) = 0, 





' 



V|N = ( 8 dBm - Ideal Gain) in dB 





FR 

Frequency Response 

4 

300-4000HZ 

-0.05 


+0.05 

dB 




100-20,000 Hz 

Relative to 1 kHz 

- 0.1 


+ 0.1 

dB 

Vos 

Output Offset Voltage 

4 

V|N = 0, +24dB gain 



±100 

mV 

•cN 

Idle Channel Noise 

4 

V|N=0, +24 d B, C msg weighted 


-6 

0 

dBrnc 


5 

V|N = 0, +24dB,1kHz 


450 

900 

nv/ -VHz 

HD 

Harmonic Distortion 

4 

V,N = 8 dBm, 1kHz 

Measure 2nd, 3rd, harmonic relative to 
fundamental 



-60 

dB 

SD 

Signal to Distortion 

4 

V,N = 8 dBm, 1kHz 

C msg weighted 

+60 



dB 

PSRR 

Power Supply Rejection 

4 

200mVp.p, 1kHz sine, V|n = 0 








on Vcc 


-60 

-40 

dB 




on Vss 


-60 

-40 

dB 

Z|N 

Input Impedance, V|n 

4 


1 



Meg 

V|NR 

Input Voltage Range 

4 


±3.0 



V 

Vqsw 

Output Voltage Swing 

4 


±3.0 



V 
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ELECTRICAL CHARACTERISTICS (Continued) 

Unless otherwise specified Ta = Tmin to TmaX/ Vcc = 5V±107o, Vss= -5V±107o, Data Word: D8 (ATTEN/GAIN) = 1, Other 
Bits = 0 (OdB Ideal Gain), CL = 100pF, Rl = 600Q, dBm measurements use 600Q as reference load, digital timing measured at 
1.4V,Cl = 100pR 







TYP 



SYMBOL 

PARAMETER 

NOTES 

CONDITIONS 

MIN 

NOTES 

MAX 

UNITS 


DIGITAL AND DC 


V|L 

Digital Input Low Voltage 

4 




0.8 

V 

V,H 

Digital Input High Voltage 

4 


2.0 



V 

l|N 

Input Current, Low 

4 

V,h = GND 



-10 


•in 

Input Current, High 

4 

V|H=Vcc 



10 

IaA 

•cc 

Vcc Supply Current 

4 

No output load, V|l=GND, 
V|H=VcoV|N=0 



' 4 

mA 

■ss 

Vss Supply Current 

4 

No output load, V|l = GND, 
V|h=VcoV|n=0 



-4 

mA 

•ccp 

Vcc Supply Current, ML2008 
Powerdown Mode Only 

4 

No output load, V|l==GND, 

V|H=Vcc 



0.5 

mA 

•ssp 

Vss Supply Current, ML2008 
Powerdown Mode Only 

4 

No output load, V|l = GND, 

V|H=Vcc 



-0.1 

mA 


AC CHARACTERISTICS 


tSET 

VouT Settling Time 

4 

V|N = 0.185 V. Change gain from -24 to 
-i-24dB. Measure from WR rising edge to 
when Vqut settles to within 0.05dB of 
final value. 



20 

/iS 

tSTEP 

VouT Step Response 

4 

Gain= -i-24dB. V|n- - 3Vto -i-3V step. 
Measure from Vin = - 3 V to when Vqut 
settles to within 0.05dB of final value. 



20 

MS 

tos 

Data Setup Time 

4 


50 



ns 

tpH 

Data Hold Time 

4 


50 



ns 

Us 

AO Setup Time 

4 


0 



ns 

Uh 

AO Hold Time 

4 


0 



ns 

Uss 

CS* Setup Time 

4 


0 



ns 

UsH 

CS* Hold Time 

4 


0 



ns 

tpw 

WR=^ Pulse Width 

4 


50 



ns 


Note 1: Absolute maximum ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless otherwise 
specified are measured with respect to ground. 

Note 2: 0°C to +70°C and -40°C to +85°C operating temperature range devices are 100% tested with temperature limits guaranteed by 
100% testing, sampling, or by correlation with worst-case test conditions. 

Note 3: Typicals are parametric norm at 25°C. 

Note 4; Parameter guaranteed and 100% production tested. 

Note 5: Parameter guaranteed. Parameters not 100% tested are not in outgoing quality level calculation. 
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OUTPUT NOISE VOLTAGE (/uV/^/H^) AMPLITUDE 


ML2008, ML2009 


TIMING DIAGRAM 



Figure 1. Timing Diagram 


TYPICAL PERFORMANCE CURVES 



Figure 2. Amplitude vs Frequency (V|n/Vout = 0-5 Vrms) 



Figure 3. Amplitude vs Frequency (Vjn/Vout = 2 Vj^s) 



10 100 IK 10K 

FREQUENCY (Hz) 

Figure 4. Output Noise Voltage vs Frequency 



GAIN SETTING (dB) 


Figure 5. Cmsg Output Noise vs Gain Setting 
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S/N + D(dB) CMSGS/N(dB) 


ML2Q08/ML2009 


TYPICAL PERFORMANCE CURVES (Continued) 



Figure 6. Cmsg S/ N vs Gain Setting 
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Figure 7. Gain Error vs Gain Setting 
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Figure 8. S/ N +D vs Gain Setting (V||s|/Yout = 2 Vr^s) 
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Figure 9. S/N + D vs Gain Setting (Vin/Vout = 0*5 Vrms) 


1.0 FUNCTIONAL DESCRIPTION 

The ML2008, ML2009 consists of a coarse gain stage, a fine 
gain stage, an output buffer, and a compatible parallel 
digital interface. 

1.1 Gain Stages 

The analog input, V|n, goes directly into the op amp input in 
the coarse gain stage. The coarse gain stage has a gain range 
ofOto 22.5dB in l.SdB steps. 

The fine gain stage is cascaded onto the coarse section. The 
fine gain stage has a gain range of 0 to 1.5dB in 0.1 dB steps. 

Both stages can be programmed for either gain or attenua¬ 
tion, thus doubling the effective gain range. 


The logarithmic steps in each gains stage are generated by 
placing the input signal across a resistor string of 16 series 
resistors. Analog switches allow the voltage to be tapped from 
the resistor string at 16 points. The resistors are sized such that 
each output voltage is at the proper logarithmic ratio relative 
to the input signal at the top of the string: Attenuation is im- . 
plemented by using the resistor string as a siiiipie voltage 
divider, and gain is implemented by using tfie resistor string 
as a feedback resistor around an internal op amp. 

1.2 Gain Settings 

Since the coarse and fine gain stages are cascaded, their gains 
can be summed logarithmically. Thus, any gain from - 24dB 
to -f-24dB in 0.1 dB steps can be obtained by combining 
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the coarse and fine gain settings to yield the desired gain 
setting. The relationship between the register 0 and 1 bits and 
the corresponding analog gain values is shown in Tables 1 and 
2. Note that C3-C0 sel ect the coarse gain, F3-F0 select the 
fine gain, and ATTEN/GAIN selects either gain or 
attenuation. 

1.3 Output Buffer 

The final analog stage is the output buffer. This amplifier has 
internal gain of 1 and is designed to drive 600Q, 100pF loads. 
Thus, it is suitable for driving a telephone hybrid circuit di¬ 
rectly without any external amplifier. 


1.4 Power Supplies 

The digital section is powered between Vcc and GND, or 5 V. 
The analog section is powered between V^c ^nd Vss and 
uses AGND as the reference point, or ± 5 V. 

GND and AGND are totally isolated inside the device to 
minimize coupling from the digital section into the analog 
section. Typically this is less than lOOfxV. However, AGND 
and GND should be tied together physically near the device 
and ideally close to the common power supply ground 
connection. 

Typically, the power supply rejection of Vcc ^i^cl Vss to the 
analog output is greater than -60dB at 1 kHz. If decoupling 
of the power supplies is still necessary in a system, Vcc and 
Vss should be decoupled with respect to AGND. 


Table 1. 

Fine Gain Settings (C3 

o 

li 

o 

u 

! 


Table 2. 

Coarse Gain Settings (F3 

o 

II 

o 

u. 

1 


F3 

F2 

FI 

Ideal Gain (dB) 

FO AnEN/GAIN = 1 ATTEN/GAIN = 0 

C3 

C2 

Cl 

Ideal Gain (dB) 

CO AnEN/GAIN = 1 ATTEN/GAIN = 0 

0 

0 

0 

0 

0.0 

0.0 

0 

0 

0 

0 

0.0 

0.0 

0 

0 

0 

1 

- 0.1 

0.1 

0 

0 

0 

1 

- 1.5 

1.5 

0 

0 

1 

0 

- 0.2 

0.2 

0 

0 

1 

0 

- 3.0 

3.0 

0 

0 

1 

1 

- 0.3 

0.3 

0 

0 

1 

1 

- 4.5 

4.5 

0 

1 

0 

0 

- 0.4 

0.4 

0 

1 

0 

0 

- 6.0 

6.0 

0 

1 

0 

1 

- 0.5 

0.5 

0 

1 

0 

1 

- 7.5 

7.5 

0 

1 

1 

0 

- 0.6 

0.6 

0 

1 

1 

0 

- 9.0 

9.0 

0 

1 

1 

1 

- 0.7 

0.7 

0 

1 

1 

1 

- 10.5 

10.5 

1 

0 

0 

0 

- 0.8 

0.8 

1 

0 

0 

0 

- 12.0 

12.0 

1 

0 

0 

1 

- 0.9 

0.9 

1 

0 

0 

1 

- 13.5 

13.5 

1 

0 

1 

0 

- 1.0 

1.0 

1 

0 

1 

0 

- 15.0 

15.0 

1 

0 

1 

1 

- 1.1 

1.1 

1 

0 

1 

1 

- 16.5 

16.5 

1 

1 

0 

0 

- 1.2 

1.2 

1 

1 

0 

0 

- 18.0 

18.0 

1 

1 

0 

1 

- 1.3 

1.3 

1 

1 

0 

1 

- 19.5 

19.5 

1 

1 

1 

0 

- 1.4 

1.4 

1 

1 

1 

0 

- 21.0 

21.0 

1 

1 

1 

1 

- 1.5 

1.5 

1 

1 

1 

1 

- 22.5 

22.5 


2.0 DIGITAL INTERFACE 

The architecture of the digital section is shown in the preced¬ 
ing block diagram. 

The structure of the data registers or latches is shown in Fig¬ 
ures 10 and 11 for the ML2008 and ML2009, respectively. The 
registers control the attenuation/gain setting bits and with the 
ML2008the powerdown bit. 

Tables 1 and 2 describe how the data word programs the gain. 

The difference between the ML2008 and ML2009 is in the 
register structure. The ML2008 is a 8-bit data bus version. This 
device has one 8-bit register and one 2-bit register to store the 
9 gain setting bits and 1 powerdown bit. Two write operations 
are necessary to program the full 10 data bits from eight exter¬ 
nal data pins. The address pin AO controls which register is 
being written into. The powerdown bit, PDN, causes the 
device to be placed in powerdown. When PDN = 0, the de¬ 
vice is powered down. In this state, the power consumption 
is reduced by removing power from the analog section and 


forcing the analog output, VquT/ to a high impedance state. 
While the device is in powerdown, the digital section is still 
functional and the current data word remains stored in the 
registers. When PDN = 0, device is in normal operation. 

The ML2009 is a 9-bit data bus version. This device has one 
9-bit register to store the 9 gain setting bits. The full 9 data bits 
can be programmed with one write operation from nine 
external data pins. 

The internal registers or latches are edge triggered. The data is 
transferred from the external pins to the register output on 
the rising edge of WR. The address pin, AO, controls which 
register_the data will be written into as shown in Figures 1 and 

2. The CS control signal selects the device_by allowing the_ 

WR signal to latch in the data only when CS is low. When CS 
is high, WR is inhibited from latching in new data into the 
registers. 
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D8 D7 D6 D5 D4 D3 D2 DT BIT 



Figure 12. Typical 8-Bit /uP Interface, Double Write Figure 13. Typical 8-Bit juP Interface, Single Write 



Figure 14. Typical 16-Bit ptP Interface Figure 15. AGC for DSP or Modem Front End 


3-20 


Micro Linear 









ML2008, ML2009 




Figure 16. Operation as Logarithmic D/A Converter Figure 17. Controlling Multiple Gain/Attenuators 


ORDERING INFORMATION 


PART NUMBER 

TEMP. RANGE 

PACKAGE 

ML2008IJ 

-40°C to +85°C 

HERMETIC DIP (J18) 

ML2008IP 

-40°C to +85°C 

MOLDED DIP (P18) 

ML2008IQ 

-40°C to +85°C 

MOLDED PCC (Q20) 

ML2008CP 

0°C to +70®C 

MOLDED DIP (P18) 

ML2008CQ 

0°C to +70°C 

MOLDED PCC (Q20) 

ML2009IJ 

-40°C to +85°C 

HERMETIC DIP (J18) 

ML2009IP 

-40°C to +85°C 

MOLDED DIP (P18) 

ML2009IQ 

-40'^C to +85°C 

MOLDED PCC (Q20) 

ML2009CP 

0°C to +70°C 

MOLDED DIP (P18) 

ML2009CQ 

0°C to +70°C 

MOLDED PCC (Q20) 
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GENERAL DESCRIPTION 

The ML2020 is a monolithic analog line equalizer for 
telephone applications. The ML2020 consists of a Switched 
capacitor filter that realizes a family of frequency response 
curves optimized for telephone line equalization. 

The ML2020 consists of a continuous anti-aliasing filter, a 
60 Hz rejection highpass filter section, three programmable 
switched capacitor equalization filters, an output smoothing 
filter, a 600Q driver, and a digital section for the serial 
interface. 

The equalization filters adjust the slope, height, and band¬ 
width of the frequency response. The desired frequency 
response is programmed by a digital 14-bit serial input data 
stream. 

The ML2020 is implemented in a double pOlysilicon CMOS 
technology. 


ML2020 
Telephone Line Equalizer 


FEATURES 

■ Slope, height, and bandwidth adjustable 

■ 60 Hz rejection filter 

■ On chip anti-alias filter 

■ Bypass mode 

■ Low supply current 6 mA typical from ±5Vsupplies 

■ TTL/CMOS compatible interface 

■ Double buffered data latch 

■ Selectable master clock 1.544 or 1.536 MHz 

■ Synchronous or asynchronous data loading capability 

■ Compatible with ML2003 and ML2004 logarithmic 
gain/attenuator 

■ Standard 16-pin 0.3" center molded or hermetic dip 
and 18-pin SOIC 

■ 0°C to +70°C and -40°C to +85°C operating 
temperature range 


BLOCK DIAGRAM 


PIN CONNECTIONS 


ML2020 
16-PIN DIP 



CLKSEL [ 

-V 

1 

-r—— 

16 

SID [ 

2 

15 

NC [ 

3 

14 

lATO [ 

4 

13 

SCK [ 
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12 

NC [ 

6 

11 

SOD [ 

7 

10 

CLK [ 

8 

9 


P PDN 


3 Vss 
3 LATI 


ML2020 
18-PIN SOIC 


CLKSEL at 

1 

18 

SID nr 

2 

17 

NC nr 

3 

16 

LATO nr 

4 

15 

SCK ™ 

5 

14 

NC ™ 

6 

13 

SOD ni 

7 

12 

CLK at 

8 

11 

GNDnr 

9 

10 


Vcc 

Pdn 

VoUT 

AGND 

NC 

t™V|N 

haNC 

Vss 

LATI 
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PIN DESCRIPTION 


NAME FUNCTION 


CLKSEL 

Clock select input. This pin selects 
the frequency of the CLK input. If 
CLK is 1.536MHz, set CLKSEL=1. 

If CLK is 1.544MHz, set 

CLKSEL = 0. Pin has an internal 
pullup resistor to Vcc- 

SID 

Serial input data. Digital input that 
contains serial data word which 
controls the filter frequency re¬ 
sponse setting. 

LATO 

Output latch clock. Digital input 
which loads the data word back 
into the shift register from the 
latch. 

SCK 

Shift clock. Digital input which 
shifts the serial data on SID into the 
shift register on rising edges and 
out onto SOD on falling edges. 

SOD 

Serial output data. Digital output 
of the shift register. 

CLK 

Master clock input. Digital input 
which generates clocks for the 
switched capacitor filters. Fre¬ 
quency can be either 1.544MHz 
or 1.536MHz. 


NAME FUNCTION 

GND Digital ground. Ovolts. All digital 

inputs and output are referenced 
to this ground. 

LATI Input latch clock. Digital input 

which loads data from the shift 
register into the latch. 

Vss Negative supply. -5 volts ±10%. 

ViN Analog input. 

AGND Analog ground. Ovolts. Analog 

input and output are referenced to 
this ground. 

VouT Analog output. 

Pdn Powerdown input. When Pqn = h 

device is in powerdown mode. 
When Pdn = 0/ device is in normal 
operation. This pin has an internal 
pulldown resistor to GND. 

Vcc Positive supply. 5 volts ±10% 


ABSOLUTE MAXIMUM RATINGS 

(Note 1) 


Supply Voltage 

Vcc ... 

Vss . 

AGND with Respect to GND . 

Analog Input and Output . 

Digital Input and Outputs . 

Input Current Per Pin . 

Power Dissipation .. 

Storage Temperature Range . 

Lead Temperature (Soldering 10 sec.) 


. +6.5V 

. -6.5V 

. ±0.5V 

. Vss -0.3 V to Vcc +03 V 
GND -0.3 V to Vcc +03 V 

. ±25mA 

. 750 mW 

...... -65°Cto +150°C 

. 300°C 


OPERATING CONDITIONS 


Temperature Range (Note 2) 
ML2020CP, ML2020CS . 

ML2020IJ . 

Supply Voltage 

Vcc . 

Vss .••• 


. . 0°Cto +70°C 
-40°Cto +85° C 

.4Vto6V 

. . . -4Vto -6V 
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ELECTRICAL CHARACTERISTICS 

Unless otherwise specified Ta=Tmin to T^ax/ Vcc = 5 V ± 10%, Vss == -5 V ± 10%, Data Word: BP=1, Other Bits = 0, Cl = 100pF, 
Rl = 600Q, dBm measurements use 600Q as reference load, V||si= -7dBm, IkHz sinusoid CLK=1.544MHz ±300Hz and digi¬ 
tal time measured at 1.4V 







TYP 



SYMBOL 

PARAMETER 

NOTES 

CONDITIONS 

MIN 

NOTE 3 

MAX 

UNITS 


ANALOG 


SR 

Response, Slope Section 

4 

1 kHz response 












NL/L 

S3 


S2 

SI 

SO 








0 

0 


0 

0 

1 



1.4±0.1 

dB 




0 

0 


0 

.1 

0 



2.6±0.2 

dB 




0 

0 


1 

0 

0 



4.7 ±0.2 

dB 




0 

1 


0 

0 

0 



7.8 ±0.2 

dB 




0 

1 


1 

1 

1 



11.4 ±0.25 

dB 




1 

0 


0 

0 

0 



d 

+! 

o 

dB 




1 

0 


0 

0, 

1 



0.4 ±0.1 

dB 




1 

0 


0 

1 

0 



0.9 ±0.2 

dB 




1 

0 


1 

0 

0 



1.8 ±0.2 

dB 




1 

1 


0 

0 

0 



3.7±0.2 

dB 




1 

1 


1 

1 

1 



6.6 ±0.25 

dB 




Referenced to 












1 °_ 

0 


0 

0 

0 





HR 

Response, Height Section 

4 

3250 Hz response referenced to 1 kHz 









response with BP= 

= 1, other bits= 

=0 









NL/L 

H3 


H2 

HI 

HO 








0 

0 


0 

0 

0 



0±0.1 

dB 




0 

0 


0 

0 

, 1 



0.6 ±0.2 

dB 




0 

0 


0 

, 1 

0 



1.2±0.2 

dB 




0 

0 


1 

0 

0 



2.4 ±0.2 

dB 




0 

1 


0 

0 

0 



5.8±0.3 

dB 




0 

1 


1 

1 

1 



11.2 ±0.3 

dB 

BR 

Response, Bandwidth 

4 

NL/L B3 

B2 

B1 

BO H3 

H2 HI 

HO 






Section (Q) 


0 ~0 

V 

~0~ 

~0~ 1 

1 1 

1 



16.1 ±2.0 





0 0 

0 

0 

1 1 

1 1 

1 



14.2 ±1.5. 





0 0 

0 

1 

0 1 

1 1 

1 



12.6±1.5 





0 0 

1 

0 

0 1 

1 1 

1 



9.1 ±1.0 





0 1 

0 

0 

0 1 

1 1 

1 



3.6 ±0.5 





0 1 

1 

1 

1 1 

1 1 

1 



1.2 ±0.35 


PK 

BW Peak Frequency 

4 

H3thruH0 = 

1 





3230 

3250 

3270 

Hz 

AG 

Absolute Gain, Flat 

4 

1 to 4 kHz 






-0.1 

+0.1 

+0.3 

dB 


Response 












AGB 

Absolute Gain, Bypass Mode 

4 

0.3 to 4 kHz, BP = 

0 




-0.1 

+0.V 

+0.3 ' 

dB 

ICN 

Idle Channel Noise 

4 

o 

z 

> 


3 

8 

dBrnc 




1 V|N = 0, All Data Bits 

' = 1 




9 


dBrnc 
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ELECTRICAL CHARACTERISTICS (Continued) _ 

Unless otherwise specified Ta=Tmin toT^AX/ Vcc = 5V±107o, Vss= - 5V±107o, Data Word: BP=1, Other Bits = 0, CL = 100ph 
Rl = 600Q, dBm measurements use 600Q as reference load, V|n= -7dBm, 1kHz sinusoid CLK=1.544MHz ±300Hz and digi¬ 
tal time measured at 1.4 V 







TYP 


LIMIT 

SYMBOL 

PARAMETER 

NOTES 

CONDITIONS 

MIN 

NOTE 4 

MAX 

UNITS 


ANALOG 


HD 

Harmonic Distortion 

4 

V|N = 5dBm, 1kHz 

Measure 2nd, 3rd, harmonic 
relative to fundamental 



-48 

dB 

SD 

Signal to Distortion 

4 

V|N=-12dBm,1kHz 

C msg weighted 

+48 



dB 

SFN 

Single Frequency Noise 

5 

V,N=0, 

4 kHz< frequency^ 150 kHz 



-50 

dBm 

PSRR 

Power Supply Rejection 

4 

200mVp.p, 1 kHz sine, V|n= 0 
on Vcc 
on Vss 



-40 

-40 

dB 

dB 

An 

Input Impedance, Vi^ 

4 


100 



kQ 

Vos 

Output Offset Voltage 

4 

o 

z 

> 



±50 

mV 

V|NR 

Input Voltage Range 

4 


±2.0 



V 

Vqsw 

Output Voltage Swing 

4 

Rl=600Q 

±2.0 

_ 


V 


DIGITAL AND DC 


V,L 

Digital Input Low Voltage 

4 


1 


0.8 

V 

V,H 

Digital Input High Voltage 

4 


2.0 



V 

Vql 

Digital Output Low Voltage 

4 

loL=2mA 



0.4 

V 

Vqh 

Digital Output High Voltage 

4 

loH=-1mA 

4.0 



V 

'lclk 

Input Current, CLK SEL 

4 

o 

II 

z 

> 

5 


100 

IxA 

•lpdn 

Input Current, PDN 

4 

1 V,N==Vcc 1 

-5 


-100 

luA 

II 

Input Current, All Other Inputs 

4 

1 

o 

II 

z 

> 



±10 

IaA 

Icc 

Vcc Supply Current 

4 

No output load, V|l=GND, 
V|H=Vcc, V|N=0 



10 

mA 

Iss 

Vss Supply Current 

4 

No output load, V|l=GND, 

V,H = VcoVlN = 0 



-10 

mA 

Iccp 

Vcc Supply Current, 

Powerdown Mode 

4 

No output load, V|l=GND, 

V|H = Vcc 



1.2 

mA 

Issp 

Vss Supply Current, 

Powerdown Mode 

4 

No output load, V|l=GND, 

V|H = Vcc 



-1.2 

mA 


AC CHARACTERISTICS 


toe 

Clock Duty Cycle 

5 


40 


60 

% 

tsCK 

SCK On/Off Period 

4 


250 



ns 

ts 

SID Data Setup Time 

4 


50 



ns 

tH 

SID Data Hold Time 

4 


50 



ns 

to 

SOD Data Delay 

4 


0 


125 

ns 

t|PW 

LATI Pulse Width 

4 


50 



ns 

tOPW 

LATO Pulse Width 

4 


50 



ns 

t|S,toS 

LATI, LATO Setup Time 

4 


50 



ns 

t|H,toH 

LATI, LATO Hold Time 

5 


50 



ns 

tpLD 

SOD Parallel Load Delay 

4 


0 


125 

ns 


Note 1: Absolute maximum ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless otherwise 
specified are measured with respect to ground. 

Note 2: 0°C to -t-70°C and -40°C to +85°C operating temperature range devices are 100% tested with temperature limits guaranteed by 
100% testing, sampling, or by correlation with worst-case test conditions. 

Note 3; Typicals are parametric norm at 25°C. 

Note 4: Parameter guaranteed and 100% production tested. 

Note 5: Parameter guaranteed. Parameters not 100% tested are not in outgoing quality level calculation. 
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Figure 3. Typical Slope Filter Response — NL/ L = 1 

B3-B0, H3-H0 = 0000, S3-S0 = 0000 to 1111. 
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Figure 4. Typical Fleight Filter Response — NL/ L = 0 

B3-B0, S3-S0 = 0000; H3-H0 = 0000 to 1111. 
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Figure 5. Typical Bandwidth Filter Response—NL / L = 0 

H3-H0 = nil; S3-S0 = 0000; B3-B0 = 0000 to 1111. 
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1.0 FUNCTIONAL DESCRIPTION 

The ML2020 consists of a continuous anti-alias filter, a 60 Hz 
reject highpass filter section, three programmable switched 
capacitor equalization filters, an output smoothing filter, an 
output driver, and a digital section for the serial interface. 

1.1 Anti-Alias Filter 

The first section is a continuous anti-alias filter. This filter is 
needed to prevent aliasing of high frequency signals present 
on the input into the passband by the sampling action of the 
switched capacitor filters. This section is a continuous second 
order lowpass filter with a typical 3dB frequency at 20 kHz 
and 30dB of rejection at 124kHz. 

1.2 60 Hz Rejection Filter 

The 60 Hz section is a highpass switched capacitor filter de¬ 
signed to reject DC offsets and low frequency signals present 
on the input. This filter is a first order section with a typical 
3 dB frequency at 135 Hz. 

1.3 Equalization Filters 

The equalizer filters follow the 60 Hz highpass section. These 
programmable filters implement a family of frequency 
response curves intended to compensate for the response of 
telephone lines. 

This filter is composed of three distinct sections: slope, 
height, and bandwidth. 

1.3.1 Response of Slope, Height, and Bandwidth 

The family of response curves generated by the slope section 
are shown in Figures 2 and 3. There are 4 slope select bits, S3- 
SO. These bits alter the slope of the highpass response under 
1000 Hz, and as a result, the absolute gain above 1000 Hz will 
be unique for each setting. Table 1 gives typical 1 kHz gain 
values for all slope settings. 


Table 1. Typ. 1 kHz Gain for Slope Settings 


Slope 

Relt kHz Gain (dB) | 

Setting 

NL/L = 1 

NL/L = 0 

0 

0.0 

Rel 

1 

0.4 

1.4 

2 

0.9 

2.6 

3 

1.4 

3.7 

4 

1.8 

4.7 

5 

2.3 

5.5 

6 

2.8 

6.3 

7 

3.4 

7.2 

8 

3.7 

7.8 

9 

4.2 

8.4 

10 

4.6 

9.0 

11 

5.0 

9.5 

12 

5.4 

10.0 

13 

5.8 

10.5 

14 

6.2 

11.0 

15 

6.6 

11.4 


HT, BW Bits=0 


There is an additional bit, NL/L, that also affects the highpass 
response of the slope filter. The slope response curves In 
Figure 2 are with NL/L=^0. These same response curves are 
shown In Figure 3 with NL/L=1. Notice that the NL/L bit 
adds more droop in the highpass response below 2500 Hz. 

The family of response curves generated by the height section 
are shown in Figure 4. There are 4 height select bits, H3-H0. 
This section creates a peak in the response at 3250 Hz and 
this filter controls the amount of peaking. Table 2 gives typical 
1 kHz gain values for all height and bandwidth settings. 

Table 2. Typ. 1 kHz Gain for HT and BW Settings 
I Relative 1kHz Gain (dB) | 


HT Setting 



0 

1 

2 

3 

4 

5 

6 

7 

8 

9 10 

11 12 13 14 15 

0 

Rel 

0 

0 

0 

0 

0 

0 

0 

0 

0 0 

0 0 0 0 0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 0 

0 0 0 0 0 

2 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 0 

0 0 0 0 0 

3 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 0 

0 0 0 0 0 

4 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 0 

0 0 0 0 0.1 

5 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 0 

0 0.1 0.1 0.1 0.1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 0.1 

0.1 0.1 0.1 0.1 0.1 

I7 

0 

0 

0 

0 

0 

0 

0 

0 

0.1 

0.1 0.1 

0.1 0.1 0.2 0.2 0.2 

Is 

0 

"o” 

0 

T 

0 

T 

0.1 

0.1 


0.1 0.1 

0.2 0.2 0.3 0.3 0.4 

9 

0 

0 

0 

0 

0 

0.1 

0.1 

0.1 

0.1 

0.2 0.2 0.3 0.3 0.4 0.5 0.6 

10 

0 


0, 

w 

0.1 

0.1 

0.1 

"oT 

0.2 0.3 0.3 0.4 0.5 0.6 0.7 0.8 

11 

0 

0 

0 

0.1 

0.1 

0.1 

0.2 0.2 0.3 0.4 0.4 0.5 0.7 0.8 0.9 1.11 

12 

IT 

0 

0.1 

0.1 

0.1 

0.2 0.2 0.3 0.4 0.5 0.7 0.8 1.0 1.1 1.4 1.6| 

13 

0 

0 

0.1 

0.1 0.2 0.3 0.4 0.5 0.6 0.8 0.9 

1.1 1.4 1.6 1.9 2.3 

14 

0 

0 

0.1 

0.1 0.2 0.3 0.4 0.5 0.7 0.8 1.0 

1.2 1.5 1.7 2.0 2.4 

15 

0 

0 

0.1 

0.1 

0.2 0.3 0.4 0.5 0.7 0.9 1.1 

1.3 1.6 1.8 2.1 2.5 


Slope Bits = 0 


The family of response curves generated by the bandwidth 
section is shown in Figure 5 There are 4 bandwidth select 
bits, B3-B0. This section causes the response of the 3250 Hz 
peak to be widened, and as a result, this filter controls the 
bandwidth of the 3250 Hz peaked region. 

1.3.2 Transfer Function 

The transfer function for the ML2020 is shown below. This 
transfer function is valid for magnitude response only. The 
actual magnitude response from an individual device may 
deviate from the computed response from the transfer func¬ 
tion by typically 0-0.2 dB. 

H (s) = X ^ X ^ s + ^ [sin (nf/fc)] 

s + a b (s + c) [s2 + (coq/Q) s + (nf/fc) 


s = jx256000xtan (7Tf/128000) 
a = 848.230 
cuo = 20463.77 
fc = 128000 

b,c : See Table 3. (slope) 

Q : See Table 4. (bandwidth) 

h : See Table 5. (height) 
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Tables. 

Slope Response Factors (b, c) 



b 

b 

S3-0 

NL/L = 0 

NL/L = 1 

0000 

2.371759E-f-03 

1.116280E+04 

0001 

1.985920E-H03 

9.345141 E+03 

0010 

1.701779E-F03 

8.007156E+03 

0011 

T.493571E-H03 

7.026999E+03 

0100 

1.326721 E-f-03 

6.241681E+03 

0101 

1.196668E+03 

5.629636E+03 

0110 

1.087277E-H03 

5.114881E+03 

0111 

9.983588E+02 

4.696487E+03 

1000 

9.179889E-H02 

4.318339E+03 

1001 

8.537864E-h02 

4.016273E+03 

1010 

7.966049E+02 

3.747249E+03 

1011 

7.478074E-^02 

3.517676E+03 

1100 

7.035099E+02 

3.309279E+03 

1101 

6.651771E-h02 

3.128945E+03 

1110 

6.299477E+02 

2.963214E+03 

1111 

5.990361 E+02 

2.817797E+03 


c 

c 

S3-0 

NL/L = 0 

NL/L = 1 

xxxx 

2.371759E+03 

1.116280E+04 

Table 4. 

Slope Response Factors (b, c) 


B3-0 

Q 


0000 

17.444906 


0001 

15.386148 


0010 

13.652451 


0011 

11.593677 


0100 

9.859960 


0101 

8.017864 


0110 

6.392453 


0111 

5.092080 


1000 

3.900003 


1001 

3.141338 


1010 

2.599369 


1011 

2.165724 


1100 

1.731965 


1101 

1.406509 


1110 

1.352248 


1111 

1.297981 


Table 5. 

Fleight Response Factors (h) 


Code 

h 


0000 

1.000000 


0001 

1.071519 


0010 

1.148154 


0011 

1.230269 


0100 

1.318257 


0101 

1.445438 


0110 

1.603245 


0111 

1.757924 


1000 

1.949845 


1001 

2.137962 


1010 

2.317395 


1011 

2.540973 


1100 

2.786121 


1101 

3.019951 


1110 

3.311311 


Tin 

3.672823 



1.4 Smoothing Filter 

The equalizer filters are followed by a continuous second 
order smoothing filter that removes the high frequency sam¬ 
ple Information generated by the action of the switched ca¬ 
pacitor filters. This filter provides a continuous analog signal 
at the output, Vqut • 

1.5 Output Buffer 

The final stage in the ML2020 is the output buffer. This ampli¬ 
fier has internal gain of 1 and is capable of driving 600Q, 

100pF loads. Thus, it is suitable for driving telephone hybrids 
directly without any external amplifier. 

1.6 Bypass Mode 

The fi[ter sections can be bypassed by setting the bypass data 
bit, BP, to 0. Since the switched capacitor filters are bypassed 
in this mode, frequency response effects of the switched 
capacitor filters are eliminated. Thus, this mode offers very 
flat response and low noise over the 300-4000 Hz frequency 
range. 

1.7 Filter Clock 

The master clock, CLK, is used to generate the internal clocks 
for the switched capacitor filters. The frequency of CLK can 
be either 1.544MHz or 1.536MHz. However, the internal 
clock frequency must be kept at 1.536MHz to guarantee 
accurate frequency response. The GLKSEL pin enables a bit 
swallower circuit to keep the internal clock frequency set to 
1.536MHz. When 1.544MHz clock is used, CLKSEL should 
be set to logic level 0, and one bit out of every 193 bits is 
removed (swallowed) to reduce the internal frequency to 
1.536MHz. When 1.536MHz clock is used, CLKSEL should 
be set to logic level 1, and the internal clock rate is the same 
as the external clock rate. 

1.8 Serial Interface 

The architecture of the digital section is shown in the preced¬ 
ing block diagram. 

A timing diagram for the serial interface is shown in Figure 6. 
The serial input data, SID, is loaded into a shift register on 
rising edges of the shift clock, SCK. The data word is parallel 
loaded into a latch when the input latch signal, LATi, is high. 
The LATI pulse must occur when SCK is low. A new data 
word can be loaded into the shift register without disturbing 
the existing data word in the latch. 

The parallel outputs of the latch control the filter response 
curves. The order of the data word bits in the latch is shown 
in Figure 7. 

Note that bit 0 is the first bit of the data word clocked into the 
shift register. 

The device has the capability to read out the data word 
stored in the latch. This is done by parallel loading the data 
from the latch back into the shift register when the latch sig¬ 
nal, LATO, is high. The LATO pulse must occur when SCK is 
low. Then, the data word can be shifted out of the register 
serially to the output, SOD, on falling edges of the shift clock, 
SCK. 

The loading and reading of the data word can be done con¬ 
tinuously or in bursts. Since the shift register and latch 
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circuitry inside the device is static, there are no minimum The clocks used to shift and latch data (SCK, LATI, LATO) are 

frequency requirements bn the clocks or data pulses. How- not related internally to the master clock and can occur asyn- 

ever, there is some coupling of the digital signals into the , chronoustoCLK. 

analog section. Ifthis coupling is undesirable, the data can be 

clocked in bursts during non critical intervals, or the data rate 

can be done at a frequency outside the analog frequency 

range. A 



LATO 


“X3000000000000000a0( 

a) LOAD 



"■)00CD0CXXXXXXXX300000( 



b) READ 

Figure 6. Serial Timing 


NL/L SLOPE BANDWIDTH HEIGHT BYPASS 



Figure 7. 14~Bit Latch 


FUNCTION 
BIT NUMBER 


POWERDOWN MODE 

A powerdown mode can be selected with pin Pdn- When 
Pdn = h the device is powered down. In this state, the power 
consumption is reduced by removing power from the analog 
section and fprcingthe analog output, VouT' to a high impe¬ 
dance State. While the device is in power down mode, the 
digital section is still functional and the current data word 
rernains stored in the latch. The master clock, CLK, can be 
left active or removed during powerdown mode. When 
Pdn =0, the device is in normal operation. 


POWER SUPPLIES 

The digital section inside the device is powered between Vcc 
and GND, or 5 volts. The analog section is powered between 
Vcc WS/ or ±5 volts. The analog section uses AGND as 
the reference point. 

GND and AGND are totally isolated inside the device to 
minimize coupling from the digital section into the analog 
section. Typically this is less than lOOgV. However, AGND 
and GND should be tied together physically nearthe device 
and close to the common power supply ground connection. 

The power supply rejection of Vcc ^^icl Vss to the analog 
output is greater than - 60dB at 1 kHz, typically. If decou¬ 
pling of the power supplies is still necessary in a system, Vcc 
and Vss should be decoupled with respect to AGND. 
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ML2(M)4 

LOG CAIN/ATTEN 


ML2020 

EQUALIZER 



Figure 8. Typical Serial Interface 


ML2020 OR ML2004 


ML20200RML2004 


ML2020 0R ML2004 


9 u < O 


Figure 9. Controlling Multiple ML2020 and ML2004 With Only 3 Digital Lines 
Using One Long Data Word 
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ORDERING INFORMATION 


PART NUMBER 

TEMP. RANGE 

PACKAGE 

ML2020GP 

0°C to +70°C 

MOLDED DIP (P16) 

ML2020CS 

0Xto+70«C 

MOLDED SOIC (S18W) 

ML2020IJ 

-40°Cto+85°C 

HERMETIC DIP (J16) 

ML2020IP 

-40°C to +85°C 

I MOLDED DIP (P16) 

ML2020IS 

-40°C to +85°C 

MOLDED SOIC (S18W) 


Micro Linear 





August 1992 


Micro Linear 


_ ML2021 

lelephone Line Equalizer 


GENERAL DESCRIPTION 

The ML2021 is a monolithic analog line equalizer for 
telephone applications. The ML2021 consists of a 
switched capacitor filter that realizes a family of 
frequency response curves optimized for telephone 
line amplitude equalization while minimizing group 
delay. This ML2021 is the same function as the ML2020 
telephone equalizer without the 60Hz rejection filter. 

The ML2021 consists of a continuous anti-aliasing filter, 
three programmable switched capacitor equalization 
filters, an output smoothing filter, a 600n driver, and a 
digital section for the serial interface. 

The equalization filters adjust the slope, height, and 
band-width of the frequency response. The desired 
frequency response is programmed by a digital 14-bit 
serial input data stream. 

The ML2021 is implemented in a double polysilicon 
CMOS technology. 


FEATURES 

■ Slope, height, and bandwidth adjustable 

■ Optimized group delays (500 Hz to 6.4 kHz) 

■ On chip anti-alias filter 

■ Bypass mode 

■ Low supply current 6mA typical from +5V supplies 

■ TTL/CMOS compatible interface 

■ Double buffered data latch 

■ Selectable master clock 1.544 or 1.536 MHz 

■ Synchronous or asynchronous data loading 
capability 

■ Compatible with ML2003 and ML2004 logarithmic 
gain/attenuator 

■ Standard 16-pin 0.3" center molded or hermetic 
DIP and 18-pin SOIC 

■ 0°C to +70°C and -40°C to +85°C operating 
temperature range 


BLOCK DIAGRAM PIN CONNECTIONS 


CLKSEL Vcc AGND Vss 



SCK LATO 


ML2021 
16-pin DIP 

CLKSEL 
SID 
NC 
LATO 
SCK 
NC 
SOD 
CLK 

TOP VIEW 


] Vcc 
] Pdn 

2 ^OUT 
2 AGND 
] V|N 
] Vss 
2 LATI 

]]gnd 


ML2021 
18-pm SOIC 

CLKSEL 
SID 
NC 
LATO 
SCK 
NC 
SOD 
CLK 
GND 

TOP VIEW 
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PIN DESCRIPTION 


NAME 

FUNCTION 

CLKSEL 

Clock select input. This pin selects 
the frequency of the CLK input. If 
CLK is 1.536MHz, setCLKSEL = 1. 

If CLK is 1.544MHz, set 

CLKSEL = 0. Pin has an internal 
pullup resistor to Vcc- 

SID 

Serial input data. Digital input that 
contains serial data word which 
controls the filter frequency re¬ 
sponse setting. 

LATO 

Output latch clock. Digital input 
which loads the data word back 
into the shift register from the 
latch. 

SCK 

Shift clock. Digital input which 
shifts the serial data on SID into the 
shift register on rising edges and 
out onto SOD on falling edges. 

SOD 

Serial output data. Digital output 
of the shift register. 

CLK 

Master clock input. Digital input 
which generates clocks for the 
switched capacitor filters. Fre¬ 
quency can be either 1.544MHz 
or 1.536MHz. 


NAME FUNCTION 

GND Digital ground. Ovolts. All digital 

inputs and output are referenced 
to this ground. 

LATI Input latch clock. Digital input 

which loads data from the shift 
register into the latch. 

Vss Negative supply.-5 volts ±10%. 

ViN Analog input. 

AGND Analog ground. Ovolts. Analog 

input and output are referenced to 
this ground. 

Vqut Analog output. 

Pdn Powerdown input. When Pqn = 

device is in powerdown mode. 
When Pdn = 0/ device is in normal 
operation. This pin has an internal 
pulldown resistor to GND. 

Vcc Positive supply. 5 volts ±107o 


ABSOLUTE MAXIMUM RATINGS 

(Note 1) 


Supply Voltage 

Vcc . 

Vss . 

AGND with Respect to GND . 

Analog Input and Output . 

Digital Input and Outputs . 

Input Current Per Pin . 

Power Dissipation . 

Storage Temperature Range . 

Lead Temperature (Soldering 10 sec.) 


. +6.5V 

. -6.5V 

. ±0.5V 

. Vss -0.3 V to Vcc +0-3 V 
GND -0.3 V to Vcc +0-3 V 

. ±25mA 

. 750 mW 

. -65°Cto+150°C 

. 300°C 


OPERATING CONDITIONS 


Temperature Range (Note 2) 
ML2021CP ML2021CS . 

ML2021lj . 

Supply Voltage 

Vcc . 

Vss . 


. . 0°Cto +70°C 
-40°Cto +85° C 

.4Vto6V 

. . . -4Vto -6V 
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ELECTRICAL CHARACTERISTICS 

Unless otherwise specified T^^Tmin to TmaX/ Vcc = 3V±107o, Vss= - 5V±107o, Data Word: BP = 1, Other Bits = 0, CL = 100ph 
Rl==600Q, dBm measurements use 600Q as reference load, V|n = -7dBm, 1 kHz sinusoid CLK = 1.544MHz ±300Hz and digi¬ 
tal time measured at 1.4 V 







TYP 



SYMBOL 

PARAMETER 

NOTES 

CONDITIONS 

MIN 

NOTE 3 

MAX 

UNITS 


ANALOG 


SR 

Response, Slope Section 

4 

1 1 kHz response 











NL/L 


S3 

S2 

SI 

SO 








0 


0 

0 

0 

1 



1.4±0.1 

dB 




0 


0 

0 

1 

0 



2.6 ±0.2 

dB 




0 


0 

1 

0 

0 



4.7 ±0.2 

dB 




0 


1 

0 

0 

0 : 



7.8±0.2 

dB 




0 


1 

1 

1 

1 



1T.4±0.25 

dB 




1 


0 

0 

0 

0 



0±0.1 

dB 




1 


0 

0 

0 

1 



0.4±0.1 

dB 




1 


0 

0 

1 

0 



0.9±0.2 

dB 




1 


0 

1 

0 

0 



1.8±0.2 . 

dB 




1 


1 

0 

0 

0 



3.7±0.2 

dB' 




1 


1 

1 

1 

T 



6.6 ±0.25 

dB 




Referenced to 














0 

0 

0 

0 





HR 

Response, Height Section 

4 

1 3250 Hz response referenced to 1 kHz 



j 






response with BP=1, other bits 

= 0 



, 






NL/L 


H3 

H2 

HI 

HO 








0 


0 

0 

0 

0 



0 + 0.15 

dB 




0 


0 

0 

0 

1 



0.5 ± 0.2 

dB 




0 


0 

0 

1 

0 



1.1 ± 0.2 

dB 




0 


0 

1 

0 

0 



2.3 ± 0.2 

dB 




0 


1 

0 

0 

0 



5.7 ± 0.3 

dB 




0 


1 

1 

1 

1 



11.1 ± 0.3 

dB 

BR 

Response, Bandwidth 

4 

NL/L 

B3 

B2 B1 

BO H3 

H2 HI 

HO 


■■ 




Section (Q) 


0 

0 

0 0 

0 1 

1 1 

1 



16.1 ±2.0 





0 

0 

0 0 

1 1 

1 1 

1 



14.2 ±1.5 





0 

0 

0 1 

0 1 

1 1 

1 



12.6±1.5 





0 

0 

1 0 

0 1 

1 1 

1 



9.1 ±1.0 





0 

1 

0 0 

0 1 

1 1 

1 



3.6±0.5 





0 

1 

1 1 

1 1 

1 1 

1 



1.2 ±0.35 


PK 

BW Peak Frequency 

4 

[H3thruH0=l 

3230 

3250 

3270 

Hz 

AG 

Absolute Gain, Flat 

4 

.5 to 4kHz 





-0.1 

+0.1 

+0.3 

dB 


Response 


I_ 










AGB 

Absolute Gain, Bypass Mode 

4 

0.3to4kHz, BP = 0 

-0.1 

+0.1 

+0.3 

dB 

ICN 

Idle Channel Noise 

4 

o 

z 

> 


3, 

8 

dBrnc 




ViN = 0, all data bits 

= 1 




9 


dBrnc 
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ELECTRICAL CHARACTERISTICS (Continued) _ 

Unless otherwise specified Ta = T/viin toJ maX/ Vcc = 5V±107o, Vss= -5V±107o, Data Word: BP = 1, Other Bits==0, Cl^IOOpF, 
Rl«600Q, dBm measurements use 600Q as reference load, V|n= -7dBm, 1kHz sinusoid CLK=1.544MH2 ±300Hz and digi¬ 
tal time measured at 1.4V 







TYP 


LIMIT 

SYMBOL 

PARAMETER 

NOTES 

CONDITIONS 

MIN 

NOTE 3 

MAX j 

UNITS 


ANALOG 


HD 

Harmonic Distortion 

4 

V|N-5dBm,lkHz 

Measure 2nd, 3rd, harmonic 



-48 

dB 




relative to fundamental 





SD 

Signal to Distortion 

4 

V|N--12dBm,1kHz 

C msg weighted 

+48 



dB 

SFN, 

Single Frequency Noise 

5 

V|N=0/ 

4 kHz< frequency < 150 kHz 



-50 

dBm 

PSRR 

Power Supply Rejection 

4 

200mVp.p, 1 kHz sine, V||sj=0 








on Vqq 



-40 

dB 




on Vss 



-40 

dB 

Z|N 

Input Impedance, V||«^ 

4 


100 



kQ 

Vos 

Output Offset Voltage 

4 

o 

z 

> 



±50 

mV 

V|NR 

Input Voltage Range 

4 


±2.0 



V 

Vosw 

Output Voltage Swing 

4 

Rl = 600Q 

±2.0 



V 


DIGITAL AND DC 


V,L 

Digital Input Low Voltage 

4 




0.8 

V 

V,H 

Digital Input High Voltage 

4 


2.0 



V 

VoL 

Digital Output Low Voltage 

4 

loL=2mA 



0.4 

V 

Vqh 

Digital Output High Voltage 

4 

Iqh --1mA 

4.0 



V 

■lclk 

Input Current, CLK SEL 

4 

o 

II 

z 

> 

5 


100 

hA 

kPDN 

Input Current, PDN 

4 

II 

z 

> 

-5 


-100 

/iA 

II 

Input Current, All Other Inputs 

4^ 

VjM = 0 to Wqq 



±10 

mA 

Icc 

Vqq Supply Current 

4 

No output load, V|l==CND, 

ViH = Vco V||s| = 0 



10 

mA 

Iss 

Vss Supply Current 

, 

4 

No output load, V|l=GND, 

V|H=VcC/V|N = 0 



-10 

mA 

Iccp 

Vcc Supply Current, 

Powerdown Mode 

4 

No output load, V|L - GND, 
V|H=Vcc 



1.2 

mA 

■ssp 

Vss Supply Current, 

Powerdown Mode 

4 

No output load, V|l=GND, 
V|H-Vcc 



-1.2 

mA 


AC CHARACTERISTICS 


toe 

Clock Duty Cycle 

5 


40 


60 

0/ 

/o 

tsCK 

SCK On/Off Period 

4 


250 



ns 

ts 

SID Data Setup Time 

4 


50 



ns 

tH 

SID Data Hold Time 

4 


50 



ns 

to 

SOD Data Delay 

4 


0 


125 

ns 

t|PW 

LATI Pulse Width 

4 


50 



ns 

topw 

LATO Pulse Width 

4 


50 



ns 

fis,tos 

LATj, LATO Setup Time 

4 


50 



ns 

t|H,toH 

LATI, LATO Hold Time 

5 


50 



ns 

tpLD 

SOD Parallel Load Delay 

4 


0 


125 

ns 


Note 1: Absolute maximum latings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless otherwise 
specified are measured with respect to ground. 

Note 2: 0°C to +70°C and -40°C to +85°C operating temperature range devices are 100% tested with temperature limits guaranteed by 
1007o testing, sampling, or by correlation with worst-case test conditions. 

Note 3: Typicals are parametric norm at 25°C. 

Note 4: Parameter guaranteed and 100% production tested. 

Note 5: Parameter guaranteed. Parameters not 100% tested are not in outgoing quality level calculation. 
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1.0 FUNCTIONAL DESCRIPTION 

The ML2021 consists of a continuous anti-alias filter, 
three programmable switched capacitor equalization 
filters, an output smoothing filter, an output driver, and 
a digital section for the serial interface. 

1.1 ANTI-AL»AS FILTER 

The first section is a continuous anti-alias filter. This filter is 
needed to prevent aliasing of high frequency signals present 
on the input into the passband by the sampling action of the 
switched capacitor filters. This section is a continuous second 
order lowpass filter with a typical 3dB frequency at 20kHz 
and 30dB of rejection at 124kHz. 

1.2 EQUALIZATION FILTERS 

The programmable filters implement a family of 
frequency response curves intended to compensate for 
the response of telephone lines. 

This filter is composed of three distinct sections: slope, 
height, and bandwidth. 

1.2.1 RESPONSE OF SLOPE, HEIGHT, AND 
BANDWIDTH 

The family of response curves generated by the slope section 
are shown in Figures 2 and 3. There are 4 slope select bits, S3- 
SO. These bits alter the slope of the highpass response under 
1000 Hz, and as a result, the absolute gain above 1000 Hz will 
be unique for each setting. Table 1 gives typical 1 kHz gain 
values for all slope settings. 


Table 1. Typ. 1 kHz Gain for Slope Settings 


Slope 

Rel 1 kHz Gain (dB) | 

Setting 

NL/L = 1 

NL/L = 0 

0 

0.0 

Rel 

1 

0.4 

1.4 

^ ' 

0.9 

2.6 

3 

1.4 

3.7 

4 

1.8 

4.7 

5 

2.3 

5.5 

6 

2.8 

6.3 

7 

3.4 

7.2 

8 

3.7 

7.8 

9 

4.2 

8.4 

10 

4.6 

9.0 

11 

5.0 

9.5 

12 

5.4 

10.0 

13 

5.8 

10.5 

14 

6.2 

11.0 

15 

6.6 

11.4 


HT, BWBits = 0 


There is an additional bit, NL/L, that also affects the highpass 
response of the slope filter. The slope response curves in 
Figure 2 are with NL/L = 0. These same response curves are 
shown in Figure 3 with NL/L = 1. Notice that the NL/L bit 
adds more droop in the highpass response below 2500 Hz. 

The family of response curves generated by the height section 
are shown in Figure 4. There are 4 height select bits, H3-H0. 
This section creates a peak in the response at 3250 Hz and 
this filter controls the amount of peaking. Table 2 gives typical 
1 kHz gain values for all height and bandwidth settings. 


Table 2. Typ. 1 kHz Gain for HT and BW Settings 



The family of response curves generated by the bandwidth 
section is shown in Figure 5 There are 4 bandwidth select 
bits, B3-B0. This section causes the response of the 3250 Hz 
peak to be widened, and as a result, this filter controls the 
bandwidth of the 3250 Hz peaked region. 

1.2.2 TRANSFER FUNCTION 

The transfer function for the ML2021 is shown below. 
This transfer function is valid for magnitude response 
only. The actual magnitude response from an individual 
device may deviate from the computed response from 
the transfer function by typically 0-0.2dB. 


c (s + b) ^ [s2 + h (coq/Q) s + coq^] ^ [sin (nf/fc)] 
b (s + c) [s2 + (coq/Q) s + cuo^] (nf/fc) 


s = jx256000xtan(7rf/128000) 


COo 

= 20463.77 


fc 

= 128000 


b,c 

: See Table 3. 

(slope) 

Q 

: See Table 4. 

(bandwidth) 

h 

: See Table 5. 

(height) 
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Table 3. 

Slope Response Factors (b, c) 



b 

b 

S3-0 

NL/L = 0 

NL/L = 1 

0000 

2.371759E-h03 

1.116280E-H04 

0001 

1.985920E-h03 

9.345141 E-h03 

0010 

1.701779E-h03 

8.007156E-h03 

0011 

1.493571E+03 

7.026999E-^03 

0100 

1.326721E+03 

6.241681 E-h03 

0101 

1.196668E-f-03 

5.629636E-t-03 

0110 

1.087277E-h03 

5.114881E-K03 

0111 

9.983588E+02 

4.696487E-r-03 

1000 

9.179889E-f02 

4.318339E-r-03 

1001 

8.537864E+02 

4.016273E+03 

1010 

7.966049E-f-02 

3.747249E-f-03 

1011 

7.478074E+02 

3.517676E-t-03 

1100 

7.035099E-h02 

3.309279E-f-03 

1101 

6.651771E+02 

3.128945E-h03 

1110 

6.299477E+02 

2.963214E+03 

1111 

5.990361E-H02 

2.817797E+03 


c 

c 

S3-0 

NL/L = 0 

NL/L = 1 

xxxx 

2.371759E+03 

1.116280E+04 

Table 4. 

slope Response Factors (b, c) 


B3-0 

Q 


0000 

17.444906 


0001 

15.386148 


0010 

13.652451 


0011 

11.593677 


0100 

9.859960 


0101 

8.017864 


0110 

6.392453 


0111 

5.092080 


1000 

3.900003 


1001 

3.141338 


1010 

2.599369 


1011 

2.165724 


1100 

1.731965 


1101 

1.406509 


1110 

1.352248 


1111 

1.297981 


Tables. 

Height Response Factors (h) 


Code 

h 


0000 

1.000000 


0001 

1.071519 


0010 

1.148154 


0011 

1.230269 


0100 

1.318257 


0101 

1.445438 


0110 

1.603245 


0111 

1.757924 


1000 

1.949845 


1001 

2.137962 


1010 

2.317395 


1011 

2.540973 


1100 

2.786121 


1101 

3.019951 


1110 

3.311311 


1111 

3.672823 



1.2.3 CROUP DELAY 

The difference between the ML2020 and ML2021 is the 
elimination of a 60Hz high pass filter in order to 
eliminate positive group delay at low frequency. 

The group delay through the ML2021 can be minimized 
such that less than SOyus of group delay can be 
achieved in both unloaded and cable loaded conditions 
relative to 1804Hz in the frequency range of 504 to 
3004Hz. Minimum group delays are dependent upon 
using the proper setting for slope, height and 
bandwidth for a give equalization requirement. 

1.3 SMOOTHING FILTER 

The equalizer filters are followed by a continuous second 
order smoothing filter that removes the high frequency sam¬ 
ple information generated by the action of the switched ca¬ 
pacitor filters. This filter provides a continuous analog signal 
at the output, Vqut • 

1.4 OUTPUT BUFFER 

The final stage in the ML2020 is the output buffer. This ampli¬ 
fier has internal gain of 1 and is capable of driving 600Q, 
lOOpF loads. Thus, it is suitablefor driving telephone hybrids 
directly without any external amplifier. 

1.5 BYPASS MODE 

The filter sections can be bypassed by setting the bypass data 
bit, BP, to 0. Since the switched capacitor filters are bypassed 
in this mode, frequency response effects of the switched 
capacitor filters are eliminated. Thus, this mode offers very 
flat response and low noise over the 300-4000 Hz frequency 
range. 

1.6 FILTER CLOCK 

The master clock, CLK, is used to generate the internal clocks 
for the switched capacitor filters. The frequency of CLK can 
be either 1.544MHz or 1.536MHz. However, the internal 
clock frequency must be kept at 1.536MHz to guarantee 
accurate frequency response. The CLKSEL pin enables a bit 
swallower circuit to keep the internal clock frequency set to 
1.536MHz. When 1.544MHz clock is used, CLKSEL should 
be set to logic level 0, and one bit out of every 193 bits is 
removed (swallowed) to reduce the internal frequency to 
1.536MHz. When 1.536MHz clock is used, CLKSEL should 
be set to logic level 1, and the internal clock rate is the same 
as the external clock rate. 

1.7 SERIAL INTERFACE 

The architecture of the digital section is shown in the preced¬ 
ing block diagram. 

A timing diagram for the serial interface is shown in Figure 6. 
The serial input data, SID, is loaded into a shift register on 
rising edges of the shift clock, SCK. The data word is parallel 
loaded into a latch when the input latch signal, LATI, is high. 
The LATI pulse must occur when SCK is low. A new data 
word can be loaded into the shift register without disturbing 
the existing data word in the latch. 

The parallel outputs of the latch control the filter response 
curves. The order of the data word bits in the latch is shown 
in Figure 7. 
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Note that bit 0 is the first bit of the data word clocked into the 
shift register. 

The device has the capability to read out the data word 
stored in the latch. This is done by parallel loading the data 
from the latch back into the shift register when the latch sig¬ 
nal, LATO, is high. The LATO pulse must occur when SCK is 
low. Then, the data word can be shifted out of the register 
serially to the output, SOD, on falling edges of the shift clock, 
SCK. 

The loading and reading of the data word can be done con¬ 
tinuously or in bursts. Since the shift register and latch 


circuitry inside the device is static, there are no minimum 
frequency requirements on the clocks or data pulses. How¬ 
ever, there is some coupling of the digital signals into the 
analog section. If this coupling is undesirable, the data can be 
clocked in bursts during non critical intervals, or the data rate 
can be done at a frequency outside the analog frequency 
range. 

The clocks used to shift and latch data (SCK, LATl, LATO) are 
not related internally to the master clock and can occur asyn¬ 
chronous to CLK. 



LAJ\ 

LATO- 

”“)OOOCX3000000OC)0O0CD0( 

a) LOAD 



““)OOCDOOOOOOOOOOOOOOO( 



b) READ 

Figure 6. Serial Timing 

NL/L SLOPE BANDWIDTH HEIGHT BYPASS 


NL/L 

S3 

S2 

SI 

SO 

B3 

B2 

B1 

BO 

H3 

H2 

HI 

HO 

BP 

1 

1 1 

11 

1 1 

9 1 

8 

7 1 

6 

1 ^ 1 

4 

3 

1 ^ 

1 ^ 1 

0 1 


Figure 7. 14-Bit Latch 
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1.8 POWERDOWN MODE 

A powerdown mode can be selected with pin Pd^. When 
Pdn = the device is powered down. In this state, the power 
consumption is reduced by removing power from the analog 
section and forcing the analog output, VquT/ to a high Impe¬ 
dance state. While the device is in power down mode, the 
digital section is still functional and the current data word 
remains stored in the latch. The master clock, CLK, can be 
left active or removed during powerdown mode. When 
Pdn = 0/ the device is in normal operation. 


1.9 POWER SUPPLIES 

The digital section inside the device is powered between Vcc 
and GND, or 5 volts. The analog section is powered between 
Vcc and Vss/ or ± 5 volts. The analog section uses AGND as 
the reference point. 

GND and AGND are totally isolated inside the device to 
minimize coupling from the digital section into the analog 
section. Typically this is less than 100/iV. However, AGND 
and GND should be tied together physically near the device 
and close to the common power supply ground connection. 

The power supply rejection of Vcc and Vss fo the analog 
output is greater than -60dB at 1 kHz, typically. If decou¬ 
pling of the power supplies is still necessary in a system, Vcc 
and Vss should be decoupled with respect to AGND. 


2.0 APPLICATIONS 


ML2004 ML2021 

LOG CAIN/ATTEN EQUALIZER 



Figure 8. Typical Serial Interface 


ML2021 OR ML2004 ML2021 OR ML2004 ML2021 OR ML2004 



Figure 9. Controlling Multiple ML2021 and ML2004 With Only 3 Digital Lines 
Using One Long Data Word 
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ORDERING INFORMATION 


PART NUMBER 

TEMP. RANGE 

PACKAGE 

ML2021CP 

0°C to +70°C 

MOLDED DIP (P16) 

ML2021CS 

0°C to +70°C 

MOLDED SOIC (S18W) 

ML2021lj 

-40‘'C to +85»C 

HERMETIC DIP (J16) 

ML2021IP 

-40°C to +85°C 

MOLDED DIP (P16) 

ML2021IS 

-40‘>C to +85''C 

MOLDED SOIC (S18W) 
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Tone Detector 


GENERAL DESCRIPTION 


The ML2031 and ML2032 are monolithic tone detectors 
intended for telecommunication applications utilizing 4- 
wire loopback capability. The device meets or exceeds 
the 4-wire Maintenance Terminating Unit (MTU) 
requirements outlined in BELL PUB 43004. 

These devices incorporate a 2713 Hz tone detector, clock 
oscillator, and uncommitted op amp in an 8-pin DIR No 
external components are required. 

The ML2031 or ML2032 can be used to detect frequencies of 
1004 Hz or 2600 Hz, as the tone detector frequency template 
from 1000 Hz to 4000 Hz is proportional to the frequency of 
the external clock. 

The ML2031 has two clock outputs. CLKouT^ ‘s one half the 
frequency of CLK|n, while CLKqut^ is one eighth of the 
frequency of CLKin. The ML2032 has an uncommitted op 
amp instead of the clock outputs. 

The ML2031 and ML2032 are Implemented in a double 
polysilicon CMOS technology. 


FEATURES 

■ Meets or exceeds BELL PUB 43004 requirements 

■ Extended dynamic range detect -34dBm to +6dBm 

no detect < - 40dBm 

■ Frequency template (fcLK in = 12MHz) 

detect 2713 + 10Hz 
no detect 2713 + 36Hz 

■ General purpose tone detect range of 1000Hz to 
4000Hz 

■ Signal-to-guard ratio 8dBto13dB 

■ No external components required 

■ Continuous anti-alias filter 

■ 60 Hz reject filter 

■ ±5 V supplies 

■ Clock input 12.352 MHz, 1.544MHz, 

or a 12.352 MHz crystal 

■ ML2031 has clock outputs of 1.544MHz and 
6.176MHz 

■ Tone detection of 10(30 Hz to 4000 Hz proportional 
to external clock 

■ ML2032 has uncommitted op amp 

■ 8-pin dual-in-line package 


BLOCK DIAGRAMS 

ML2031 


ML2032 




CLKouTi CLKout2 


CLKin 0— 

CRYSTAL 

OSC 


Lli- 

A 

MUX - 

CLOCK 

“ GENERATOR 



r 

1.544MHz 

J 




1 

SENSE 
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PIN CONNECTIONS 



PIN DESCRIPTIONS 

ML2031 

PIN NO. NAME FUNCTION 

1 Vss Negative supply. -5V±107o 

2 CLKout^ Clock output. Digital output from 

oscillator divided by 2. 

3 CLKout 2 Clock output. Digital output from 

oscillator divided by 8. 

4 TDET Tone detect output. Digital output 

which indicates when valid 
2713 Hz tone is present on analog 
input. 

5 CLK|n Clock input. Internal clock can be 

generated by tying a 12.352 MHz 
crystal between this pin and GND, 
or by applying a 12.352 MHz or 
1.544MHz clock to this pin. 

6 GND Ground. Analog and digital inputs 

and outputs are referenced to this 
point. 

7 Vcc Positive supply. +5V±107o 

8 V|N+ Analog input. 


ML2032 

PIN NO. NAME FUNCTION 

1 ViN + Positive Analog input. Positive 

input to the uncommitted op amp. 

2 V|N - Negative Analog input. Negative 

input to the uncommitted op amp. 

3 Vss Negative supply. -5V±107o 

4 TDET Tone detect output. Digital output 

which indicates when valid 
2713 Hz tone is present on analog 
input. 

5 CLKiisi Clock input. Internal clock can be 

generated by tying a 12.352 MHz 
crystal between this pin and GND, 
or by applying a 12.352 MHz or 
1.544MHz clock to this pin. 

6 GND Ground. Analog and digital inputs 

and outputs are referenced to this 
point. 

7 Vcc Positive supply. +5 V±107o 

8 VouT Analog output. Output of the 

uncommitted op amp. 
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ABSOLUTE MAXIMUM RATINGS 

(Note 1) 


Supply Voltage 

Vcc .•• 

Vss . 

Analog Input and Output ........ 

Digital Input and Outputs. 

Input Current Per Pin .. . 

Power Dissipation . .. 

Storage Temperature Range ...... 

Lead Temperature (Soldering 10 sec.) 


. +6.5V 

. -6.5V 

Vss -0.3 V to Vcc +0-3 V 
. .. - 0.3 V to Vcc+0.3 V 

. ±25mA 

. 750 mW 

;.... -65°Cto+150°C 
. 300°C 


OPERATING CONDITIONS 


Temperature Range (Note 2) 
ML2031CP ML2032CP .. 

ML2031IJ,ML2032IJ . 

Supply Voltage 

Vcc . 

Vss . 


. . 0°Cto +70°C 
-40°Cto +85° C 

.4Vto6V 

. . . -4Vto -6V 


ELECTRICAL CHARACTERISTICS 

Unless otherwise specified Ta=Tmin to TmaX/ Vcc=5V±107o, Vss = - 5V±107o, CLK|n = 12.352 MHz ±1200 Hz, or 

CLK|N = 1.544MHz±150Hz, CL = 100pF, dBm measurements useGOOQas reference load, uncommitted op amp in unity gain 

configuration. 







TYP 



SYMBOL 

PARAMETER 

NOTES 

CONDITIONS 

MIN 

NOTE 3 

MAX 

UNITS 


TONE DETECT 


fjD 

Tone Detection Frequency 

4 

V||si = +6dBm to -34dBm 

2703 


2723 

Hz 

fjR 

Tone Rejection Frequency 

4 


2679 


2717 

Hz 

Atd 

Tone Detection Amplitude 

4 

V|N = 2703 Hz to 2723 Hz 

-34 


+6 

dBm 

Ajr 

Tone Rejection Amplitude 

4 


-40 



dBm 

SGM 

Signal to Guard Margin 

4 

800 Hz 

8 


13 

dB 




1400 Hz 

8 


13 

dB 




2000 Hz 

8 


13 

dB 




2450 Hz 

Signal = -13 dBm, 2713 Hz. 

See BELL PUB 43004 sec. 2.4 
for test method 

8 


13 

dB 

SFI 

SF Tone Immunity 

5 

V|N + = 2600 Hz 

No tone detect 



+6 

: 

dBm 

tjD 

Tone Detect Delay 

4 

V|N+=-8dBm, 2713 Hz 

Figure 1 

0 

10 

30 

ms 

tjR 

Tone Removal Delay 

4 

V|N+ = -8dBm, 2713 Hz 

Figure 1 

0 

4 

30 

ms 


OP AMP 


VlNR 

Input Voltage Range 

5 


±3',' 



V 

Vosw 

Output Voltage Swing 

4 

ML2032 Only 

±3 



V 

Vos 

Input Offset Voltage 

4 ' 

ML2032 Only 



+20 

mV 

Z|N 

Input Impedance 

4 


1 



MO 

Avol 

DC Open Loop Gain 

4 


Ik 

5k 


v/v 

fuc 

Unity Gain Frequency 

5 


0.5 

1 


MHz 

•CN 

Noise- 

5 

C msg weighted 


-9 

-3 

dBrnc 


Input Referred 


1kHz 



375 

nv/\/Hz 
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ELECTRICAL CHARACTERISTICS (Continued) 

Unless otherwise specified Ta = Tmin to TmaX/ Vcc = 5V±107o, Vss= - 5V±107o, CLK|n = 12.352 MHz ±1200 Hz, or 

CLK|n = 1.544MHz ±150Hz, Cl = 100pF, dBm measurements use600Qas reference load, uncommitted op amp in unity gain 

configuration. 







TVP 



SYMBOL 

PARAMETER 

NOTES 

CONDITIONS 

MIN 

NOTE 3 

MAX 

UNITS 


DIGITAL AND DC 


V,L 

Input Low Voltage, CLK|n 

4 




1.5 

V 

VlH 

Input High Voltage, CLK|n 

4 


3.5 



V 

l|N 

Input Current, CLK|n 

4 

CLK|n = 1.5V to 3.5V 


10 

60 

M 

CLK|n = 0 to 1.5V; 3.5V to Vcc 


150 

500 

M 

C|N 

Input Capacitance, CLK|n 

5 



11 


PF 

VoL 

Output Low Voltage 

4 

Iql = -2mA 



0.4 

V 

Vqh 

Output High Voltage 

4 

•oh 2mA 

4.0 



V 

Icc 

Vqq Supply Current 

4 

No output load 



7.5 

mA 

•ss 

V 55 Supply Current 

4 

No output load 



-4.5 

mA 


CLOCK OUTPUT 


fcLRl 

CLKqutI Output Frequency 

4 

Figure 2 

1/2 


1/2 

fcLKl 

fcLK2 

CLKout 2 Output Frequency 

4 

Figure 2 

Vs 


Va 

fcLKl 

tiR 

CLKqutI Output Rise Time 

4 

Figure 2, Cl = 50pF 

0 


20 

ns 

I 1 F 

CLKqutI Output Fall Time 

4 

Figure 2, Cl = 50pF 

0 


20 

ns 

t2R 

CLKqu 72 Output Rise Time 

4 

Figure 2, Cl = 50pF 

0 


20 

ns 

t2F 

CLKqut 2 Output Fall Time 

4 

Figure 2, Cl = 50pF 

0 



ns 


Note 1: Absolute maximum ratings are limits beyond which the life of the integrated circuit may be impaired. AN voltages unless otherwise 
specified are measured with respect to ground. 

Note 2: 0°C to +70°C and -40°C to +85°C operating temperature range devices are 1007o tested with temperature limits guaranteed by 
1007o testing, sampling, or by correlation with worst-case test conditions. 

Note 3: Typicals are parametric norm at 25°C. 

Note 4: Parameter guaranteed and 1007o production tested. 

Note 5: Parameter guaranteed. Parameters not 1007o tested are not in outgoing quality level calculation. 
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TIMING DIAGRAMS 



tTD MEASURED FROM V|n + ZERO CROSSING TO 1.4V MIDPOINT ON TDET 
tTR MEASURED FROM 1.4V MIDPOINT ON TDET TO ZERO CROSSING ON Vjn + 


Figure 1. Tone Detect Timing 



CLKout2 


/ 



X 


tiF, tiR, t2B t2R MEASURED BETWEEN 0.8 and 2.0 VOLT TRANSITION POINTS 
ALL OTHER PARAMETERS REFERRED TO 1.4V MIDPOINT 


Figure 2. Digital Clock Output Timing 


TYPICAL PERFORMANCE CURVE 



0 1 2 3 4 5 

INPUT VOLTAGE (V) 

Figure 3. CLK|m Input Current vs. Input Voltage 
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1.0 FUNCTIONAL DESCRIPTION 

The ML2031 has a divide by 2 and divide by 8 clock output to 
drive external devices. The ML2032 has an uncommitted op 
amp. Refer to the block diagram. 

1.1 Uncommitted Op Amp 

The ML2032 features an uncommitted op amp. The ML2031 
has the op amp connected in the unity gain configuration 

(V|N-internally tied to Vqut)- 

The uncommitted op amp is a general purpose amplifier that 
can be used to interface the device with the analog tele¬ 
phone line. It has a high impedance input, a 0.5MHz unity 
gain bandwidth, will drive a 1 k, 100pF load, and the input 
and output can swing within 1.5 V of the supplies. 

1.2 Anti-Alias Filter 

The anti-alias filter is a continuous second order low pass 
designed to prevent high frequency signals at the input from 
being aliased into the passband by the sampling action of the 
switched capacitor filters. The typical 3dB corner frequency 
is 25 kHz and the typical rejection at 124 kHz is - 30dB. 

1.3 60 Hz Reject Filter 

The 60 Hz reject filter is a switched capacitor second order 
high pass designed to reject 60Hz line interference on the 
analog input. The typical 3dB corner frequency is 300 Hz 
and the typical rejection at 60 Hz is -24dB. 

1.4 Tone Detector 

The tone detector is a monolithic block designed to indicate 
when a valid 2713 Hz tone is present on the analog input. A 
tone is valid if the following criteria are met: 

1. 2713 Hz tone satisfies amplitude vs. frequency tone 
detector template shown in Figure 4. 

2. The non-2713 Hz out of band energy present on the 
input is sufficiently small enough compared to the 
2713 Hz tone (signal to guard margin). 

The tone detector consists of 2713 Hz bandpass and notch 
filters, tone and guard peak detectors, tone and guard 
comparators, reference, and digital output buffer. 

The analog signal first goes through the 2713 Hz bandpass 
and notch switched capacitor filters. The bandpass filter 
outputs any 2713 Hz signal (tone), and the notch filter outputs 
any non-2713 Hz signals (guard) in the range of 300-4500 Hz, 
respectively. 


2679 2747 



Figure 4. Tone Detector Template 


The tone and guard signals then go to peak detectors which 
output a DC voltage proportional to the 2713 Hz and non- 
2713 Hz energy present on the analog input. 

The tone comparator compares the tone energy to a fixed 
reference value to determine if it meets the amplitude 
requirements for tone detection shown in Figure 4. 

The guard comparator compares the tone energy to the 
guard energy to determine if the signal to guard margin is 
met. 

If both comparators indicate that a 2713 Hz tone and no out 
of band energy exists, the TDET output goes high indicating 
valid tone detection. If the signal comparator indicates insuffi¬ 
cient signal energy or the guard comparator indicates too 
much out of band energy, then the TDET output stays low 
indicating invalid tone output. 

1.5 Crystal Oscillator/Clock Generator 

The crystal oscillator/clock generator generates the necessary 
internal clocks from either an external clock or an external 
crystal. 

If an external clock input is used to drive CLK|N/ the input 
frequency can either be 12.352 MHz or 1.544MHz in order to 
meet the frequency template. The device has an internal 
frequency sense circuit that can sense the difference between 
12.352MHz and 1.544MHz and makes the necessary 
changes in the clock generator to accomodate either 
frequency at the input. 

If a crystal is used, a 12.352 MHz crystal must be connected 
between CLKjN and GND. This unique 1-pin crystal oscillator 
does not generally require any external capacitors or other 
external components to meet the frequency template. The 
crystal should be physically placed as close as possible to the 
CLKiisi pin to minimize stray inductances and capacitances. 

The crystal must have the following characteristics: 

1. Parallel resonant type 

2. Frequency: 12.352000MHz 

3. Tolerance: ±0.0057o @ 25°C 

4. Less than 0.0057o variation over desired temperature 
range 

5. Maximum equivalent series resistance of 15Q at a drive 
level ofl/iWto 2 OO/ 2 W 

6. Maximum equivalent series resistance of 30Q at drive 
levels of 10 nW to 1 gW 

7. Typical load capacitance: 18 pF 

8. Maximum case capacitance: 5 pF 

The frequency of oscillation will be a function of the crystal 
parameters and board capacitance. If the final oscillation 
frequency is different than the ideal 12.352 MHz, the tem¬ 
plate frequencies will change according to the formulas out¬ 
lined in section 1.6. If the crystal meets the above 
recommended parameters and typical PC board capacitance 
from CLK|n to GND is 2 pF, then the device will meet the 
template specifications. Crystals that meet these require¬ 
ments are M-tron 3709-01012.352 for 0°C to +70°C and 
3709-02012.352 for -40°Cto +85°Coperation. 
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1.0 FUNCTIONAL DESCRIPTION (Continued) 


The ML2031 has two clock outputs that can be used to drive 
other external devices. The CLKouT*! output is a buffered 
output from the oscillator divided by 2. The CLKqut^ output 
is a buffered output from the oscillator divided by 8. If a 
12.352MHz clock or crystal is used, CLKoutI =b.l76MHz 
andCLKouT2 = T544MHz. 

1.6 Detecting Tones from 1000 Hz to 4000 Hz 

The tone detector frequency template shown in Figure 5 is 
proportional to the frequency of CLKin. Thus, the device can 
be set to a center frequency (other than 2713 Hz) by adjusting 
CLKIN frequency. 

The external clock frequency, fCLKiN, needed to produce a 
given center frequency, can be calculated by: 

fCLKiN = fcx4552.893 

once fCLK|N has been determined, the other template fre¬ 
quency points shown in Figure 5 can be calculated by: 

fDL=fCLK|Nx2.18831x10-4 
fou = fCLKiN X 2.20450 X10-4 
fRL = fCLKiN X 2.16888 x 10 - 4 
fRU = fCLK|Nx2.22393x10-4 

The above formulas are valid for center frequencies with the 
range of 1000 Hz to 4000 Hz. The internal divide by 8 cir¬ 
cuitry may be bypassed by applying a clock that is one eighth 
of the above calculated values. 

When the required CLK|n frequency Calculated above is less 
than 6MHz, the internal frequency sense circuit may be¬ 


come enabled causing the detection of an erroneous center 
frequency. In this case, the divide by 8 function cannot be 
used and only the lower clock frequency may be used. For 
example, for a 1004 Hz tone detector, the clock frequency 
applied must be 571 kHz. 

1.7 Power Supplies 

The analog circuits in the device run from -i-5 to - 5 (Vcc to 
Vss) and are referenced to GND. 

The digital circuits in the device run from 4-5 to 0 (Vcc to 
GND). 

It is recommended that the power supplies to the device be 
bypassed by placing decoupling capacitors from Vcc to GND 
and Vss to GND as physically close to the device as possible. 

-► Hz 



Figure 5. Tone Detector Template 


2.0 APPLICATIONS 



Figure 6. 4-Wire Termination Equipment 
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ML2031, ML2032 


ORDERING INFORMATION 


PART NUMBER 

TEMP. RANGE 

PACKAGE 

ML2031CP 

0°C to +70°C 

MOLDED DIP (P08) 

ML2031IP 

-40°C to +85°C 

MOLDED DIP (P08) 

ML2032CP 

0°C to +70°C 

MOLDED DIP (P08) 

ML2032IP 

-40^C to +85°C 

MOLDED DIP (P08) 
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Programmable Sinewave Generator 


GENERAL DESCRIPTION 

The frequency of these monolithic sinewave generators 
is programmable for the ML2035 from DC to 25kHz 
and for the ML2036 from DC to 50kHz. No external 
components are required. 

The frequency of the sinewave output is derived from 
either an external crystal or clock input, thus providing 
a stable and accurate frequency reference. The 
frequency is programmed by a 16-bit serial data word. 

The ML2035 is packaged in an 8-pin DIP and has a 
Vqut amplitude of ±Vcc/2. 

The ML2036 provides for a VouT amplitude of either 
±Vref o*" ±Vref/ 2. Also included with the ML2036 is an 
inhibit input which allows the sinewave output to be 
held at zero volts after completing the last half cycle of 
the sinewave preventing steps in voltage. Two pins of 
the ML2036 are clock outputs designed to drive other 
devices with one half or one eighth of the clock input 
frequency. 

The ML2035 and ML2036 are intended for 
telecommunications and modem applications that need 
low cost and accurate generation of precise test tones, 
call progress tones, and signaling tones. 


FEATURES 

■ Programmable frequency DC to 50kHz 

■ Frequency resolution with 

felKIN = 12MHz (±.75 Hz) 1.5Hz 

■ Absolute gain error ±.1dB max 

■ Harmonic distortion -45dB max 

■ Output voltage amplitude of ±Vref or ±Vref/2 

■ On chip crystal oscillator 3 to 12MHz 

■ ML2036 has clock outputs of 1/2 or 1/8 of the 
input clock frequency 

■ No external components required 

■ n? compatible serial interface 

■ Double buffered data latch 

■ Synchronous or asynchronous data loading 
capability 

■ Power dissipation 50mW max from ±5V supplies 

■ Compatible with ML2031 and ML2032 tone 
detector, and ML2004 logarithmic gain/attenuator 

■ TTL/CMOS compatible inputs 

■ ML2035 package 8-pin DIP; ML2036 14-pln DIP or 
16-pin SOIC 

■ 0°C to +70°C or -40°C to +85°C operating 
temperature range 


BLOCK DIAGRAMS 


ML2035 


ML2036 



SCK SCK Pdn-INH 


VoUT 


Vcc 

AGND 

Vss 
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PIN CONNECTIONS PIN DESCRIPTIONS 


ML2035 
8-Pin DIP 


Vss [ 


] CLKin 

SCK [ 

2 7 

2 GND 

SID [ 

3 6 

2 VOUT 

lATI [ 

4 5 

] Vcc 


TOP VIEW 



ML2036 
14-Pin DIP 


Vss [ 

1 


] CLKin 

Pdn-INH [ 

2 

13 

] GAIN 

CLKoutI [ 

3 

12 

] DGND 

CLKout2 [ 

4 

11 

] AGND 

SCK [ 

5 

10 

2 VoUT 

SID [ 

6 

9 

] Vref 

LATI [ 

7 

8 

] Vcc 


TOP VIEW 


ML2036 
16-Pin SOIC 


NC CIE 1 
Vss nr 2 

Pdn-INH CIE 3 
CLKoutI CIE 4 
CLKout2 OE 5 
SCK OE 6 
SID nr 7 
lATI CIE 8 


16 

jn CLKin 

15 

HE] GAIN 

14 

ZD NC 

13 

ZD DGND 

12 

m AGND 

11 

™ VoUT 

10 

ZD Vref 

9 

3D Vcc 


TOP VIEW 


ML2035 


PIN 

NO. NAME FUNCTION 



1 

Vss 

Negative supply. -5V ± 10%. 


2 

SCK 

Serial clock. Digital input which clocks 
in serial data on rising edges. 


3 

SID 

Serial data. Serial input data which 
programs the frequency of Vqut* 


4 

LATI 

Serial latch. Digital input which latches 
serial data into the internal data latch 




on falling edges. 


5 

Vcc 

Positive supply. +5V ± 10%. 


6 

VoUT 

Analog output. Vqut swing is ±Vcc/2. 


7 

GND 

Ground. 0 volts. All inputs and outputs 
referenced to this point. 


8 

CLK,n 

Clock input. Internal clock can be 
generated by tying a 3 to 12MHz crystal 
from this pin to GND or applying a 
clock directly to the pin. 

ML2036 



PIN NO. 

DIP SOIC 

NAME 

FUNCTION 

1 

2 

Vss 

Negative supply. -5V ± 10%. 

2 

3 

Pdn-INH Three level input. Controls inhibit 




mode and power down mode. Current 
source pull up to Vcc- 

3 

4 

CLKquti Clock output. Digital output from 




internal clock generator that can drive 
other devices. fcLKOUTi = fcLKiN/2- 

4 

5 

CLKoi IT? Clock output. Digital output from 




internal clock generator that can drive 
other devices. fcLKOUT2 = fcLKiN/8- 

5 

6 

SCK 

Serial clock. Digital input which clocks 
in serial data on rising edges. 

6 

7 

SID 

Serial data. Serial input data which 
programs the frequency of Vqut- 

7 

8 

LATI 

Serial latch. Digital input which latches 
serial data into the internal data latch 




on falling edges. 

8 

9 

Vcc 

Positive supply. +5V ± 10%. 

9 

10 

Vref 

Reference input. The voltage on this 
pin determines the peak-peak swing on 
Vqut- Vref can be tied to Vcc- 

10 

11 

Vqut 

Analog output. 

11 

12 

AGND 

Analog ground. 0 volts. Analog inputs 
and outputs referenced to this point. 

12 

13 

DGND 

Digital ground. 0 volts. Digital Inputs 
and outputs referenced to this point. 

13 

15 

GAIN 

Sets VouT peak amplitude to Vref o*" 
Vref/ 2. Current source pull down to 




DGND. 

14 

16 

CLKin 

Clock input. Internal clock can be 
generated by tying a 3 to 12MHz crystal 
from this pin to DGND or applying a 
clock directly to the pin. 
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ABSOLUTE MAXIMUM RATINGS 

(Note 1) 

Supply Voltage 

Vcc ........ +6.5V 

Vss .. ..... -6.5V 

Analog Input and Output . Vss - 0-3V to V^c + 0.3V 

AGND Voltage ... Vss to Vcc 

Digital Inputs and Outputs ... -0.3V to Vcc 03V 

Input Current per Pin .. _... ±25mA 

Power Dissipation ...... 750mW 

Storage Temperature Range ... -65®C to +150®C 


Lead Temperature (Soldering 10 sec) 

Dual-In-Line Package (Molded) . 260°C 

Dual-ln-Line Package (Cerarhic) —... 300°C 

Molded Small Outline IC Package 

Vapor Phase (60 sec) ... 215®C 

Infrared (15 sec) ..... 220®C 

OPERATING CONDITIONS 

Temperature Range (Note 2) 

ML2035GB ML2036CB ML2036CS ... 0°C to +70‘’C 

ML2035IJ, ML2036IJ ...... -40°C to +85°C 


ML2035 ELECTRICAL CHARACTERISTICS 

Unless otherwise specified, Ta = Tmin to Tma)6 Vcc = 5V + 10%, Vss = -^V ± 10%, CLK|n = 12.352MHz, Vqut load 
Cl = 100pF and Rl = Ik, all digital timing measured at 1.4V midpoint, and input control signals from 10% to 90% of 
Vcc with tg = tp = 20ns. 







TYP 



SYMBOL 

PARAMETER 

NOTES 

CONDITIONS 

MIN 

(Note 3) 

MAX 

UNITS 


Sinewave Generator 


HD 

Harmonic Distortion 

4 

2nd or 3rd 
Harmonic 
Relative to 
Fundamental 

four ^ 20Hz to 5kHz 



-45 

dB 

four = 5kHz to 25kHz 



-40 

dB 

SND 

Signal to Noise + 

Distortion 

4 

200Hz < fouT ^ 3400Hz, noise 
measured 200Hz to 4kHz 



-45 

dB 

20Hz < four ^ 25kHz, noise 
measured 20Hz to 75kHz 



-40 

dB 

ICN 

Output Idle Channel Noise 

4 

Power Down Mode, Cmsg weighted 


-20 

0 

dBrnc 

Power Down Mode, 1kHz 


50 


nV/^/Hz 

PSRR 

Power Supply Rejection 
Ratio 

5 

200mVp_p, O-IOkHz sine, 
measured on Vqut I 

Vcc 



-40 

dB 

Vss 



-40 

dB 

Vos 

Vqut Offset Voltage 

4 




+75 

mV 

< 

-a 

Vqut P^ak Voltage 




±Vcc/2 


V 

Vgn 

Vqut Gain Error 

4 

Relative 
to Vcc 

fouT = 20Hz to 5kHz 



+.1 

dB 

four = 5kHz to 25kHz 



+.3 

dB 


Digital and DC 


V|l,CLK 

Input Low Voltage, CLK||vj 

' 4 




1.5 

V 

V,h,CLK 

Input High Voltage, CLK|n 

4 


3.5 



V 

Iin^CLK 

Input Current, CLK|n 

4 

CLK|n = 1.5V to 3.5V 


10 

60 

M 

CLK,n = 0 to 1.5V; 3.5V to Vcc 



250 

M 

C|n,CLK 

Input Capacitance, CLKin 

5 



12 


pF 

V,L 

Input Low Voltage 

4 




.8 

V 

V,H 

Input High Voltage 

4 


2.0 



V 

l|L 

Input Low Current 

4 

> 

o 

II 

z 

> 

-1 



M 

llH 

Input High Current 

4 

> 

z 

> 



1 

M 

G|n 

Digital Input Capacitance 




5 

■ 

pF 

Vql 

Output Low Voltage 

4 

Iql = -2mA 



0.4 

V 

Vqh 

Output High Voltage 

4 

Iqh 2mA 

4.0 



V 
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ML2035 ELECTRICAL CHARACTERISTICS (Continued) 

Unless otherwise specified, Ta = Tmin to TmaX/ Vcc = 5V ± 10%, Vss = -5V ± 10%, CLKin = 12.352MHz, Vqut load 
Cl = lOOpF and Rl = Ik, all digital timing measured at 1.4V midpoint, and input control signals from 10% to 90% of 
Vcc with tR = tp = 20ns. 







TYP 



SYMBOL 

PARAMETER 

NOTES 

CONDITIONS 

MIN 

(Note 3) 

MAX 

UNITS 


Digital and DC (Continued) 


■cc 

Vcc Supply Current 

4 

No output load, Vcc 5.5V 



5.5 

mA 

•ss 

Vss Supply Current 

4 

No output load, Vss -5.5V, 

Vcc = 5.5V 



-3.5 

mA 

Icci 

Vcc Supply Current, Power 
Down Mode 

4 

No Output Load, Power Down Mode 



2.0 

mA 

Issi 

Vss Supply Current, Power 
Down Mode 

4 

No Output Load, Power Down Mode 



-100 

fjA 


Digital Timing 


tCKI 

CLKin On/Off Period 

4 

tR = tp = 10ns, 2.5V midpoint 

30 



ns 

tsCK 

SCK On/Off Period 

4 


100 



ns 

tos 

SID DATA Setup Time 

4 


50 



ns 

tpH 

SID DATA Hold Time 

4 


50 



ns 

tlPW 

LATI Pulse Width 

4 


50 



ns 

tLH 

LATI Hold Time 

4 


50 



ns 

tLS 

LATI Setup Time 

5 


50 



ns 
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ML2035, ML2036 __ 

ML2036 ELECTRICAL CHARACTERISTICS 

Unless otherwise specified, = Tmin to TmaX/ Vcc = 5V + 10%, Vss = -5V ± 10%, AGND = DGND - OV, Vref = 2.5V 
to Vcc, and CLKin = 12.352MHz, VouT load Cl = lOOpF and Rl = Ik, all digital timing rheasured at 1.4V midpoint, and 
input control signals from 10% to 90% of Vcc with tR = tp = 20ns. 







TYP 



SYMBOL 

PARAMETER 

NOTES 

CONDITIONS 

MIN 

(Note 3) 

MAX 

UNITS 


Sinewave Generator 


HD 

Harmonic Distortion 

4, 6 

2nd or 3rd 
harmonic 
relative to 
fundamental 

fouT = 20Hz to 5kHz 



-45 

dB 

fouT = SkHz to 50kHz 



-40 

dB 

SND 

Signal to Noise + 

Distortion 

4, 6 

200Hz < fouT ^ 3400Hz, noise 
measured 200Hz to 4kHz 



-45 

dB 

20Hz < four — 50kHz, noise 
measured 20Hz to 150kHz 



-40 

dB 

ICN 

Output Idle Channel Noise 

4 

Power down mode, Cmsg weighted 


-20 

0 

dBrnc 

Power down mode, 1kHz 


50 


nV/v^ 

Inhibit mode, 1kHz 


500 


nV/v^ 

PSRR 

Power Supply Rejection 
Ratio 

5 

200mVp_p, 0 to 10kHz sine, 
measured on Vqut 

Vcc 



-40 

dB 

Vss 



-40 

dB 

Vos 

Vqut Offset Voltage 

4, 7 




±25 + (±10 
^ Vqutp-p) 

mV 

VpK 

VouT P^ak Voltage 

6 

GAIN = Vcc 


±Vref 


V 

GAIN = DGND 


±Vref/2 


V 

Vsw 

Vqut Swing 

5 

GAIN = Vcc 

VSS+1.5V 


Vcc-1.5V 

V 

< 

o 

z 

Vqut Gain Error 

4, 6 

fouT = 20Hz to 5kHz 



±.1 

dB 

l^ouT = 5kHz to 50kHz 



±.3 

dB 

I^REF 

Reference Input Resistance 

4 


2.5 

12 


MO 


Digital and DC 


V,l,CLK 

Input Low Voltage, CLK|n 

4 




1.5 

V 

V,h,CLK 

Input High Voltage, CLKifsj 

4 


3.5 



V 

I|N.CLK 

Input Current, CLKin 

4 

CLKin = 1.5V to 3.5V 


10 

60 

M 

CLK,n = 0 to 1.5V; 3.5V to Vcc 



250 

M 

C,n,CLK 

Input Capacitance, CLK|n 

5 



12 


pF 

V,L 

Input Low Voltage 

4 

LATI, SID, GAIN, SCK 



.8 

V 

V,H 

Input High Voltage 

4 

LATI, SID, GAIN, SCL 

2.0 



V 

IlL 

Input Low Current 

4 

V,N = OV, LATI, SID, GAIN, SCK 

-1 



/jA 

l|H 

Input High Current 

4 

V|N = Vco LATI, SiD, Pdn-INH, SCK 



1 

fjA 

liu Pdn 

Input Low Current 

4 

Pdn-INH, V|n = OV 

-70 

-20 

-5 

M 

l|H, G 

Input High Current 

4 

GAIN, V|N = Vcc 

5 

20 

70 

M 

V,1 

Input Logic Low Pdn-INH 

4 


DGND-.5 


.8 

V 

V,2 

Inhibit State Voltage 
Pdn-INH 

4 




VSS+.5 

V 

V|3 

Input Logic High Pdn-INH 

4 


2.0 



V 

C|N 

Digital Input Capacitance 




5 


pF 

VoL 

Output Low Voltage 

4 

Iql = -2mA 



0.4 

V 

X 

O 

> 

Output High Voltage 

4 

Iqh = 2mA 

4.0 



V 
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ML2035, ML2036 


ML2036 ELECTRICAL CHARACTERISTICS (Continued) 

Unless otherwise specified, Ta = Tmin to Tmax, Vcc = 5V ± 10%, Vss = -5V ± 10%, AGND = DGND = OV, Vref = 2.5V 
to VcG and CLKin = 12.352MHz, Vqut load Cl = lOOpF and Rl = Ik, all digital timing measured at 1.4V midpoint, and 
input control signals from 10% to 90% of Vcc with tR = tp = 20ns. 







TYP 



SYMBOL 

PARAMETER 

NOTES 

CONDiTiONS 

MiN 

(Note 3) 

MAX 

UNiTS 


Digital and DC (Continued) 


■cc 

Vcc Supply Current 

4 

No output load, Vcc “ ^ref “ 5.5V 



5.5 

mA 

Iss 

Vss Supply Current 

4 

No output load, Vss = -5.5V, 

Vcc = Vref =5.5V 



-3.5 

mA 

Icci 

Vcc Supply Current, 

Power Down Mode 


No output load, power down mode 



2.0 

mA 

Issi 

Vss Supply Current, 

Power Down Mode 


No output load, power down mode 



-100 

fjA 


Digital Timing 


tCKI 

CLKin On/Off Period 

4 

tR = tp = 10ns, 2.5V midpoint 

30 



ns 

tsCK 

SCK On/Off Period 

4 


100 



ns 

tos 

SID DATA Setup Time 

4 


50 



ns 

toH 

SID DATA Hold Time 

4 


50 



ns 

tLPW 

LATI Pulse Width 

4 


50 



ns 

tLH 

LATI Hold Time 

4 


50 



ns 

tis 

LATI Setup Time 

5 


50 



ns 


Clock Output 


fcLk'l 

CLKqut^ Output Frequency 

4 

Figure 2 

Vi 


1/2 

fcLKIN 


CLKout 2 Output Frequency 

4 

Figure 2 

Vs 


Vs 

fcLKIN 

tiR/ t2R 

CLKquti/ CLKout2/ 

Output Rise Time 

5 

CL=40pF, 10% and 90% transition point 

0 


20 

ns 

4 

Cl=100pF, 0.8V and 2.0V transition point 

0 


20 

ns 

tiF/ t2F 

CLKquti/ CLKout2/ 

Output Fall Time 

5 

CL=40pF, 10% and 90% transition point 

0 


20 

ns 

4 

Cl=100pF, 0.8V and 2.0V transition point 

0 


20 

ns 


Note 1: Absolute maximum ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless otherwise 
specified are measured with respect to ground. 

Note 2: 0°C to +70°C and -40°C to +85“C operating temperature range devices are 100% tested with temperature limits guaranteed by 100% 

testing, sampling, or by correlation with worst-case test conditions. 

Note 3: Typicals are parametric norm at 25°C. 

Note 4: Parameter guaranteed and 100% production tested. 

Note 5: Parameter guaranteed. Parameters not 100% tested are not in outgoing quality level calculation. 

Note 6: Maximum peak-to-peak voltage for output sinewave is Voutp-p — (125kV x Hz)/fouT- Fo*' example at 50kHz output the maximum 
guaranteed voltage swing is 2.5Vp_p. 

Note 7: Offset voltage is a function of the peak-to-peak output voltage, for example if Vqutp-p “ 2.5V, Vqs = ±50mV max. 
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TIMING DIAGRAMS 





Figure 2. ML2036 Digital Clock Output Timing 


TYPICAL PERFORMANCE 



0 12 3 4 

INPUT VOLTAGE (V) 


Figure 3. CLK|n Input Current vs. Input Voltage 
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ML2035, ML2036 


1.0 FUNCTIONAL DESCRIPTION 


The ML2035 and ML2036 are composed of a and ML2036 frequency and sinewave generator 

programmable frequency generator, sinewave generator, functional block diagram is shown in figure 4. 

crystal oscillator, and serial digital interface. The ML2035 


16-BIT 

SHIFT REGISTER 


16-BIT 
DATA LATCH 


BINARY 

PHASE ACCUMULATOR 


TF 


Ai6 Ao 

B 0 -B 20 

I I 

21-BIT 

A 20 Ai5 

ADDER 


^REF 


CLKinO-H 


CRYSTAL Lj~ril 
OSCILLATOR m ' ^ P t 


21-BIT 
LATCH 

QO Q20 


LEAST 

SIGNIFICANT 
(12 BITS) I 


PHASE SAMPLES 
(7 BITS) 


QUADRANT 

BIT 


QUADRANT 

COMPLEMENTOR 


READ-ONLY 
MEMORY 
(128 X 7) 


SIGN 

BIT 


SIGN 

COMPLEMENTOR 


fREF 


SIGN 

BIT 


OUTPUT 

LATCH 


SIGN 

BIT 


DIGITAL-TO-ANALOG 

CONVERTER 


LOW-PASS 

FILTER 


SINEWAVE 

OUTPUT 


INPUT TO 
QUADRANT 
COMPLEMENTOR 



INPUT TO 
ROM 


INPUT TO 
SIGN 

COMPLEMENTOR 


PICTORIAL 

PRESENTATION 

OF 

DIGITAL DATA 


INPUT TO 
OUTPUT 
LATCH 



INPUT TO 
D/A 

CONVERTER 




INPUT TO 
LOW-PASS 
FILTER 
ANALOG 
SIGNAL 




OUTPUT OF 
LOW-PASS 
FILTER 
/ ANALOG \ 
SIGNAL j 


Figure 4. Frequency and Sinewave Generator Functional Block Diagram 
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1.1 Programmable Frequenq^ Generator 

The programmable frequency generator produces a 
digital output whose frequency is determined by a 16- 
bit digital word. 

The frequency generator is composed of a phase 
accumulator which is clocked at fcLKiN/4- The value 
stored in the data latch is added to the phase 
accumulator every 4 cycles of CLK|n. The frequency of 
the analog output is equal to the rate at which the 
accumulator overflows and is given by the following 
equation: 

, fclKIN ^ (D15-D0)dec 


The frequency resolution and the minimum frequency 
are the same and is given by the following equation: 


Af/vilN = 


^CLKIN 

223 


The analog section is designed to operate over a range 
from DC to 50kHz. Due to slew rate limitations, the 
peak-to-peak output voltage must be limited to Vqutp-p 
< (125kV X Hz)/fouT- For example on the ML2036 an 
output at 50kHz must be limited to 2.5Vp_p. Since the 
ML2035 peak-to-peak output voltage Is equal to Vco 
the maximum output frequency must be limited to 
25kHz for Vcc = 5V. Vqut can drive IkO, 100pF loads 
and swing to within 1.5V of Vcc ^rid Vss, provided the 
slew rate limitations mentioned above are not 
exceeded. 

The output offset voltage, Vqs, is a function of the 
peak-to-peak output voltage and is specified as 25mV + 
(±10 X VouTP-p) rnax. For example if Vqutp-P = 2.5V, 
then Vos 50mV max. 

1.3 Crystal Oscillator 

The crystal oscillator generates an accurate reference 
clock for the programmable frequency generator. 


When fcLKiN = 12.352MHz, AfMiN = T5Hz (±.75Hz). 
Lower frequencies are obtained by using a lower clock. 

Due to the phase quantization nature of the frequency 
generator spurious tones can be present in the output 
in the range of -55dB relative to fundamental. The 
energy from these tones is included in the signal to 
noise + distortion specification. The frequency of these 
tones can be very close to the fundamental, therefore it 
Is not practical to filter them out. 

1.2 Sinewave Generator 

The sinewave generator is composed of a sine look-up 
table, a DAC, and an output smoothing filter. The sine 
look-up table is addressed by the phase accumulator. 
The DAC is driven by the output of the look-up table 
and generates a staircase representation of a sinewave. 

The output smoothing filter "smooths" the analog 
output by removing the high frequency sampling 
components. The resultant voltage on Vqut's a 
sinusoid with all distortion components at least 45dB 
below the fundamental. 

The ML2035 provides a peak sinewave voltage of 
±Vrc/2. The ML2036 has a Vref input that can be tied 
to Vcc oi” generated from an external voltage. With the 
gain input equal to a logic "1" the sinewave peak 
voltage is equal to ±VreF/‘ with the gain input equal to 
a logic "0" the peak voltage is ±Vref/ 2. The sinewave 
output Is referenced to AGND for the ML2036 and 
GND for the ML2035. 


The internal clock can be generated with a crystal or 
external clock. 

If a crystal is used. It must be placed between CLKin and 
DGND of the ML2036 or GND of the ML2035. An on 
chip crystal oscillator will then generate the internal 
clock. No other external capacitors or components are 
required. The crystal should be a parallel resonant type 
with a frequency between 3MHz to 12.4MHz. It should 
be placed physically as close as possible to the CLKin 
and DGND (GND). 

An external clock can drive CLK|n directly if desired. 
The frequency of this clock can be anything from 0 to 
12MHz. 

The crystal must have the following characteristics: 

1. Parallel resonant type 

2. Frequency: 3MHz to 12.4MHz 

3. Maximum equivalent series resistance of 150 at a 
drive level of 1/uW to 200/yW 

4. Maximum equivalent series resistance of 300 at drive 
levels of lOnW to ^^\N 

5. Typical load capacitance: 18pF 

6. Maximum case capacitance: 7pF 

The frequency of oscillation will be a function of the 
crystal parameters and board capacitance. Crystals that 
meet these requirements at 12.352000MHz are M-tron 
3709-010 12.352 for O^C to +70°C and 3709-020 12.352 
for -40°C to +85°C operation. 



Figure 5. Serial Interface Timing 
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The ML2036 has two clock outputs that can be used to 
drive other external devices. The CLKoujI output is a 
buffered output from the oscillator divided by 2. The 
CLKout 2 output is a buffered output from the oscillator 
divided by 8 . 

1.4 Serial Digital Interface 

The digital interface consists of a shift register and data 
latch. The serial 16-bit data word on SID is clocked into 
a 16-bit shift register on rising edges of the serial shift 
clock, SCK. The LSB should be shifted in first and the 
MSB last as shown In figure 5. The data that has been 
shifted Into the shift register is loaded into a 16-bit data 
latch on the falling edge of LATI. To insure that true 
data is loaded into the data latch from the shift register, 
LATI falling edge should occur when SCK is low, as 
shown in figure 1. LATI should be low while shifting 
data into the shift register to avoid inadvertantly 
entering the power down mode as described in 
paragraph 1.5. Note that ail data is entered and latched 
on edges, not levels, of SCK and LATI. 


1.5 Inhibit and Power Down Modes 

1.5.1 ML2035 Power Down Mode 

The power down mode of the ML2035 can be selected 
by entering all zeros in the shift register and applying a 
logic "1" to LATI. A zero data detect circuit detects 
when all bits in the shift register are zero's. In this state, 
the power consumption is reduced to ll.SmW max, 
and Vqut goes to OV as shown in figure 6 and appears 
as 10k to analog ground. The master clock, CLK|n, can 
be left active or removed during power down mode. 

1.5.2 ML2036 Inhibit and Power Down Modes 

The ML2036 has an inhibit mode and a power down 
mode which are controlled by the three-level Pdn-INH 
input as described in table 1. When a logic "1", V 13 , is 
applied to the Pdn-INH pin, the power down mode is 
entered in the same way as described for the ML2035. 
Also, the ML2036 will be placed in the power down 
mode by applying a logic " 0 " to the Pdn-INH pin. 

If Vss to Vss + .5V, V| 2 , is applied to the Pdn-INH pin, 
the inhibit mode is entered by shifting all zero's into 
the shift register and applying a logic "1" to the LATI 
pin. Once the inhibit mode is entered Vqut will 
complete the last half cycle of the sinewave and then 
be held at approximately Vqs, such that no voltage step 
occurs, as shown in figure 6 . 


Pdn-INH 

MODE 

Pdn-INH 

PIN 

DATA IN 

SHIFT REG. 

lATI 

SINEWAVE OUTPUT 

p (1) 

TON 

V|i, Logic "0" 

X 

X 

Vqut = OV 
(10K to AGND) 

Inhibit 

V| 2 , Inhibit State 
Voltage, Vss to 

Vss -SV 

All O's 

Logic "1" 

Vqut goes to approximately Vqs 
at the next Vqs crossing. See 
figure 6. 

p <i) 

V| 3 , Logic "1" 

All O's 

Logic "1" 

Vqut OV 
(10K to AGND) 


Note 1: In the power down mode, the oscillator, CLKouti 3*^8 CLKquj 2 / shift register, and data latch are all functional. 


Table 1. Three Level Pdn-INH Function 



Figure 6. Power Down and Inhibit Mode 
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1.6 Power Supplies 

The analog circuitry in the device are powered from 
+5V to -5V (Vcc to Vss) and are referenced to AGND. 

The digital circuits in the device are powered from +5V 
to OV (Vcc to DGND). 

For the ML2036, it is recommended that AGND and 
DGND be connected together close to the device and 
have a good connection back to the power source. 

2.0 TYPICAL APPLICATIONS 


It is recommended that the power supplies to the 
device should be bypassed by placing decoupling 
capacitors from Vcc to AGND (GND for ML2b35) and 
Vss to AGND (GND for ML2035) as physically close to 
the device as possible. 



Figure 7. 4-Wire Termination Equipment 



-5V 


Figure 8. Sinewave Ratiometric to ±Vcc/2 Figure 9. Sinewave with ±2.5Vp_p (5Vp_p) 
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ORDERING INFORMATION 


PART NUMBER 

TEMP. RANGE 

PACKAGE 

ML2035IJ 

-40°C to +85°C 

HERMETIC DIP (J08) 

ML2035IP 

-40°C to +85°C 

MOLDED DIP (P08) 

ML2035CP 

0°C to +70®C 

MOLDED DIP (P08) 

ML2036IJ 

-40°C to +85°C 

HERMETIC DIP (J14) 

ML2036IP 

-40°C to +85°C 

MOLDED DIP (P14) 

ML2036IS 

-40°C to +85°C 

MOLDED SOIC (S16W) 

ML2036CP 

0°C to +70°C 

MOLDED DIP (P14) 

ML2036CS 

0 °C to +70°C 

MOLDED SOIC (S16W) 
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__ ML2110 

Universal Dual Filter 


GENERAL DESCRIPTION 

The ML2110 consists of two independent switched capaci¬ 
tor filters that perform second order filter functions such as 
lowpass, bandpass, highpass, notch and allpass. All filter 
configurations including Butterworth, Bessel, Cauer, and 
Chebyshev can be formed. 

The center frequency of these filters is tuned by an ex¬ 
ternal clock or the external clock and resistor ratio. 

The ML2110 frequency range is specified to 30kHz with 
± 2.25V (single 5V operation) to ± 5.5V power supplies. 

For higher frequency operation the ML2111 is specified up 
to 150kHz operation. 

These filters are ideal where center frequency accuracy 
and high Qs are needed. 

The ML2110 is a pin compatible superior replacement for 
MF10, LMFTOO, and LTC1060 filters. 


FEATURES 

■ Specified to 30kHz 

■ Center frequency xQ product <2MHz 

■ Separate highpass, notch, allpass, bandpass, and 
lowpass outputs 

■ Center frequency accuracy ±0.3% or ±0.8% max 

■ Q accuracy ±3% or ±6% max 

■ Clock inputs TTL or CMOS compatible with duty 
cycle 40% to 60% 

■ Single 5V (± 2.25V) or ±5V supply operation 
■0°Cto70°C, -40°Cto +85°C, ~55°Cto + 125°C 

operating temperature range 

■ Standard 0.3" 20-pin DIP or 20-pin small outline 
(SOIC) package 


BLOCK DIAGRAM PIN CONNECTIONS 


Vd+ Va h 


n/ap/hpa si a 


lpa 



Vd- Va- 


N/AP/HPb SIb 


bpb 


LPb 


ML2110 
20-PIN DIP 

LPa 
BPa 
N/AP/HPa 
INVa 
SIa 
Sa/b 
Va + 

Vd + 

LSh 

clka 

TOP VIEW 


1 

20 

2 

19 

3 

18 

4 

17 

5 

16 

6 

15 

7 

14 

8 

13 

9 

12 

10 

11 


LPb 

BPb 

N/AP/HPb 

INVb 

SIb 

AGND 

Va- 

Vd- 


h clkb 


ML2110 
20-PIN SOIC 



LPb 


N/AP/HPb 

INVb 

SIb 

AGND 

Va- 

Vd- 

50/100/HOLD 

CLKb 
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PIN DESCRIPTION 


PIN NO. NAME FUNCTION 


1 

LPa 

Lowpass output for 
biquad A. 

2 

BPa 

Bandpass output for 
biquad A. 

3 

N/AP/HPa 

Notch/allpass/highpass 
output for biquad A. 

4 

INVa 

Inverting input of the 
summing op amp for 
biquad A. 

5 

SIa 

Auxiliary signal input pin 
used in modes la, Id, 4, 5, 
and 6b. 

6 

Sa/b 

Controls S2 input 
function. 

7 

Va + 

Positive analog supply. 

8 

Vd + 

Positive digital supply. 

9 

LSh 

Reference point for clock 
input levels. Logic 
threshold typically 1.4V 
above LSh voltage. 

10 

CLKa 

Clock input for biquad A. 

11 

CLKb 

Clock input for biquad B. 


ABSOLUTE MAXIMUM RATINGS 

(Note 1) 

Supply Voltage 

|Va+L|Vd+|-|Va-|, |Vd-|.13V 


V/^ +, Vp + to LSh..13V 

Inputs. . |Va + , Vp+l+O.SVto |Va-, Vp-1-0.3V 

Outputs. IVa + / Vp + 1 + 0.3V to I Va -, Vp - I - 0.3V 

|VA+ito|VD+i.±0.3V 

Power Dissipation... 750mW 


Storage Temperature Range.-65°Cto 150°C 

Lead Temperature (soldering, 10 sec)... 300°C 


PIN NO. 

NAME 

FUNCTION 

12 

50/100/HOLD 

Input pin to control the 
clock to center frequency 
ratio of 50:1 or 100:1, or 
stops the clock to hold the 
last sample of the band¬ 
pass or lowpass outputs. 

13 

Vd- 

Negative digital supply. 

14 

Va- 

Negative analog supply. 

15 

AGND 

Analog ground. 

16 

SIb 

Auxiliary signal input used 
in modes la. Id, 4, 5, and 
6 b. 

17 

INVb 

Inverting input of the 
summing op amp for 
biquad B. 

18 

N/AP/HPb 

Notch/allpass/highpass 
output for biquad B. 

19 

bPb 

Bandpass output for 
biquad B. 

20 

LPb 

Lowpass output for 
biquad B. 


OPERATING CONDITIONS 


Temperature Range (Note 2) 

ML2110BCP, ML2110CCP; 

ML2110BCS, ML2110CCS.0°C to 70°C 

ML2110Blj,ML2110CIJ.-40°Cto +85°C 

ML2110BMJ, ML2110CMJ.-55°Cto +125°C 

Supply Voltage Range.+ 2.25V to ±6.0V 


ELECTRICAL CHARACTERISTICS 

Unless otherwise specified Ta = Tmin to Tmax- Va+ =Vd+ -5V±10%, Va- -Vq- = -5V+10%, Cl = 25pF, V|n = 2.5Vpk 
(1.767 Vrms) Clock Duty Cycle 40% to 60%. 





ML2110B ] 

1 ML2110C 


PARAMETER 

NOTES 

CONDITIONS 

MIN 

TYP 
NOTE 3 

MAX 

MIN 

TYP 
NOTE 3 

MAX 

UNITS 


Filter 


fo/ Center Frequency 
Maximum 

5,6 

Figure 16 (Mode 1) 

Q<50, Q Accuracy < ±20% 

Q <20, Q Accuracy <±107o 



20 

30 



20 

30 

kHz 

kHz 

fo, Center Frequency 
Minimum 

5,6 

Figure 16 (Mode 1) 

Q<50, Q Accuracy < ±30% 
Q<20, Q Accuracy < ±15% 

25 

25 



25 

25 



Hz 

Hz 

fo, Temperature 
Coefficient 


feu < 1MHz 


-10 



-10 


ppm/°C 

Clock to Center 
Frequency Ratio 

4 

4 

Q = 10 

Figure 16 (Mode 1) 

50:1, fcLK = 250kHz 

100:1, fcLK = 500kHz 

49.85 

100.0 

50.0 

100.3 

50.15 

100.6 

49.60 

99.50 

50.0 

100.3 

50.40 

101.1 
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ELECTRICAL CHARACTERISTICS (Continued) 

Unless otherwise specified TA = TMiNto T^aX/Va+ =Vd+ =5V±10%, Va- =Vd- = -5V±107o, Cl = 25pF, V|n = 2.5Vpk 
(1 .767 Vrms) Clock Duty Cycle 40% to 60%. ^ K 
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1 ML2110C 1 


PARAMETER 

NOTES 

CONDITIONS 

MIN 

TYP 

NOTES 

MAX 

MIN 

TYP 

NOTES 

MAX 

UNITS 


Filter (Continued) 


Clock Frequency 

5 

Q < 20, Q Accu racy <±15% 

2.5k 


1.5M 

2.5k 


1.5M 

Hz 

Clock Feedthrough , 

■■■ 5, 

fcLK^IMHz 


10 

20 


10 

20 

mV(p-p) 

Q Accuracy 

4 , 

fo = 5kHz;Q = 10 

50:1 



±3 



±6 

% 



Figure 16 (Mode 1) 

100:1 



±4 



±8 

% 

Q Temperature 


fcLK< 500kHz, Q = 10 



20 



20 


ppm/°C 

Coefficient 











DC Offset 


50:1,fcLK=250kHz 









Vos 2 , 3 

4 

Sa/b High 



7 

40 


7 

60 

mV 

Vos 2, 3 

4 

Sa/b Low 



7 

40 


7 

60 

mV 

DC Offset 


100:1, fcLK = 500kHz 









Vos 2, 3 

4 

Sa/b High 



14 

60 


14 

100 

mV 

Vos 2, 3 

4 

Sa/b Low 



14 

60 


14 

100 

mV 

Gain Accuracy 








■ 



DC Lowpass 

4 

R1=20k, R2 = 2k, R3 = 

= 20k 


0.01 

2 


0.01 

2 

% 

Bandpass atfo 

4 

100:1,fo = 5kHz,Q=10 


1 

4 


1 

8 

% 

DC Notch Output , 

, , 5, 




0.02 

2 


0.02 

2 

0/ 

fO 

Noise 

7 

Figure 16 (Mode 1) 











Q=1,R1=R2 = R3 = 2k 










Bandpass, 5kHz, 50:1 


80 



80 


/^Vrms 



5kHz, 100:1 


100 



100 


/iVRMS 



Lowpass, ,5kHz, 50:1 


105 



105 


/^Vrms 



5kHz 

,100:1 


130 



130 


/^VrmS 



Notch, . 5kHz, 50:1 


80 



80 


/It Vrms 



5kHz, 100:1 


100 



100 


/itVRMS 



Figure 16 (Mode 1) 











Q = 10,R1=R3 = 20k,R2 = 2k 










Bandpass, 5kHz, 50:1 


256 



256 


/tVRMS 



5kHz, 100:1 


315 



315 


/tVRMS 



Lowpass, 5kHz, 50:1 


262 



262 


/tVRMS 



(R1=2k) 5kHz, 100:1 


320 



320 


/tVRMS 



Notch, 5kHz, 50:1 


33 



33 


/tVRMS 



(R1=2k) 5kHz, 100:1 


38 



38 


liVRMS 

Crosstalk 


fcLK = 250kHz,fo=5kHz 


-70 



-70 


dB 


Filter, Va+ = Vd+ = 2.25V, Va- = Vp- = -2.25V, V|n = 0.707 VpK (0.5Vrms) (NOTE 8) 


fo. Center Frequency 
Maximum 

5 

Figure 16 (Mode 1) 

Q<50, Q Accuracy < ±25% 

Q <20, Q Accuracy <±12% 



20. 

30 



20 

30 

kHz 

kHz 

fo. Center Frequency 

5 

Figure 16 (Mode 1) 









Minimum 


Q < 50, Q Accu racy < ± 30% 

25 



25 



Hz 



Q < 20, Q Accu racy < 

±15% 

25 



.25 



Hz 

Clock to Center 


Q = .10 









Frequency Ratio 


Figure 16 (Mode 1) 










4 

50:1, fcLK = 250kHz 


49.85 

50.0 

50.15 

49.60 

50.0 

50.40 



5 

100:1, fcLK= 500kHz 


100.0 

100.3 

100.6 

99.50 

100.3 

101.1 


Clock Frequency 

5 , 

Q<20, Q Accuracy < ±15% 

2.5k 


1.5M . 

2.5k 


1..5M 

Hz 

Q Accuracy 

4 

fcLK = 250kHz, Q = 10 

50:1 



±4 



±8 

% 



Figure 16 (Mode 1) 

100:1 


±3 



±6 


% 
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ELECTRICAL CHARACTERISTICS (Continued) 

Unless otherwise specifiecd Ta = Tmin to TmaX/ Va+ =Vd+ =5V± 10%, Va- = Vq- = -5V± 10%, CL = 25pF, Vin = 2.5VpK 
(1.767 Vrms) Clock Duty Cycle 40% to 60%. 


-j 



ML2110B 

ML2110C 


PARAMETER 

NOTES 

CONDITIONS 

MIN 

TYP 
NOTE 3 

MAX 

MIN 

TYP 
NOTE 3 

MAX 

UNITS 


Filter, Va + = Vp + = 2.25V, Va - = Vp - = - 2.25V, Vin = 0.707 Vpk (0.5 Vrms) (Continued) 


Noise 

7 

Figure 16 (Mode 1) 

Q=l^R1=R2 = R3 = 2k 

Bandpass, 5kHz, 50:1 

5kHz, 100:1 

Lowpass, 5kHz, 50:1 

5kHz, 100:1 
Notch, 5kHz, 50:1 

5kHz, 100:1 


80 

100 

105 

130 

80 

100 


. 

80 

100 

105 

130 

80 

100 


mVrmS 

mVRMS 
mVRMS 
mVRMS 
mVRMS 

mVrms 



Figure 16 (Mode 1) 










Q=10,R1=R3 

= 20k,R2 = 2k 










Bandpass, 

5kHz, 50:1 


256 



256 


mVRMS 




5kHz, 100:1 


315 



315 


mV RMS 



Lowpass, 

5kHz, 50:1 


262 



262 


mVrms 



(R1 =2k) 

5kHz, 100:1 


320 



320 


mVRMS 



Notch, 

5kHz, 50:1 


33 



33 


mVrms 



(Rl=2k) 

5kHz, 100:1 


38 



38 


mVrms 


Operational Amplifiers and Power Supply 


Vos DC Offset 

4 



2 

15 


2 

15 

mV 

DC Open Loop Gain 


RL = 1k 


95 



95 


dB 

Gain Bandwidth 
Product 




2.4 



2.4 


MHz 

Slew Rate 




2.0 



2.0 


V/fis 

Output Voltage 

Swing 

(Clipping Level) 

5 

RL = 2k, IVl from Va+ or Va- 


.5 

1.2 


.5 

1.2 

V 

Output Short Circuit 
Current 


Source 

Sink 


50 

25 



50 

25 


< < 
E E 


Power Supply And Clock 


Supply Current 
(Ia + )-^(Id + ) 

(Ia-) + (Id-) 

Ilsh 

4 

fcLK = 250kHz 


13 

12 

0.5 

-1 

22 

21 1 
1 

1 

13 

12 

0.5 

1 

22 

21 

1 

mA 

mA 

mA 

VcLK Input Threshold 

4 

Low 

High 

2.0 


0.8 

2.0 


0.8 

V 

V 

CLKA,CLKB Pulse 
Width 

5 

CLKHighorCLKLow 

250 



250 



ns 


Note 1; Absolute maximum ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless 
otherwise specified are measured with respect to ground. 

Note 2: . -55°C to + 125°C operating temperature range devices are 100% tested at temperature extremes with worst-case test 
conditions. 0°C to 70°C and -40°C to -i-85°C operating temperature range devices are 100% tested with temperature limits 
guaranteed by 100% testing, sampling, or by correlation with worst-case test conditions. 

Note 3: Typicals are parametric norm at 25°C. 

Note 4: Parameter guaranteed and 100% production tested. 

Note 5: Parameter guaranteed. Parameters not 100% tested are not in outgoing quality level calculation. 

Note 6: Center frequency is defined as the peak of the bandpass output. 

Note 7: The noise is measured with the HP8903A audio analyzer with a bandwidth of 30kHz which is 6 times the fo at 50:1 or at 100:1. 
Notes: For T^ =-55°C to-H25°C; Va+= Vp-n = 2.375V, Va-= Vp-=-2.375V 
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TYPICAL PERFORMANCE CURVES (Continued) 



-60 -40 -20 0 20 40 60 80 100 120 

TEMPERATURE (°C) 

Figure 4A* Q Deviation vs. Temperature (Vs = ± 5V) 



Figure 4B. Q Deviation vs. Temperature (Vs = ± 2.5V) 



0.1 0.5 1 5 10 50 100 

IDEALQ(=R3/R2) 


^—1 1 1 Hill- 

MODE 1 

Ta = 25°C 

VtN = 1VRMS 
— 50:1 OR 100:1 
fo = 5kHz 

fCLK = 250kHz OR 500kH2 




n 













1 






n 


































































J 




















"1 






























J 












0.1 0.5 1 5 10 50 100 

IDEAL Q(=R3/R2) 


Figure 5A. fcLK^^o Deviation vs. Q (Vs = ± 5V) 


Figure 5B. fcLK/^NOTCH Deviation vs. Q (Vs = ± 5V) 



0.1 0.5 1 5 10 50 100 

IDEALQ( = R3/R2) 



0.1 0.5 1 5 10 50 100 

IDEALQ(=R3/R2) 


Figure 6A. Q Deviation vs. Q (50:1, Vs = ± 5V) 


Figure 6B. Q Deviation vs. Q (100:1, Vs = ± 5V) 
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TYPICAL PERFORMANCE CURVES (Continued) 



2 3 4 5 6 

SUPPLY VOLTAGE (±V) 

Figure 11. Supply Current vs. Supply Voltage 



-60 -40 -20 0 20 40 60 80 100 120 

TEMPERATURE (°C) 

Figure 12. Supply Current vs. Temperature 


FUNCTIONAL DESCRIPTION 

POWER SUPPLIES 

The analog (Va + ) and digital (Vd + ) supply voltage pins, in 
most cases, are tied together and bypassed to AGND with 
a 0. VF and a 0.0 VF disc ceramic capacitor. If high digital 
noise exists, the supply pins can be bypassed separately. 
The ML2110 positive analog and positive digital supply 
pins are internally connected by the 1C substrate and 
should be biased from the same DC source. 

The ML2110 operates with a single supply from 5V± 10% 
and with split supplies from ±4.5V to ±6V supplies. 

CLOCK INPUT PINS AND LEVEL SHIFT 

With dual supplies equal to or higher than ±4.0V, the 
level shift (LSh) pin 9 can be connected to the same 
potential as the AGND or V^- pin. With single supply 
operation, the negative supply pins and the LSh pin should 
be tied to the system ground. The AGND, pin 15, should 
be biased at 1/2 supplies. Under these conditions, the 
clock levels are TTL or CMOS. The input clock pins 
(10, 11) share the same level shift pin. 

50/100/HOLD(Pin12) 

By tying pin 12 to (Va + / Vd + ) the filter operates in the 
50:1 mode. By tying pin 12 to 1/2 of the voltage supplies 
(AGND potential), the ML2110 operates in the 100:1 
mode. The range of pin 12 with total supply voltage of 
+ 5V is 2.5 + 0.5V; + 10V is 5V + 0.5V. When pin 12 is tied 
to the negative supply pin, the filter operation is stopped 
and the bandpass and lowpass outputs act as an S/H cir¬ 
cuit holding the last sample. 

SI A/ S1b^ (Pins 5 and 16) 

These are voltage signal input pins and should be driven 
with a source impedance below 5k. The SIa, SI b pins can 
be used to alter the clock to center frequency ratio (fciK^W 
of the filter (see modes 1b, 1c, 2a, 2b) or to feedforward 
the input signal for allpass filter configurations (see modes 
4 and 5). When these pins are not used, they should be 
tied to the AGND pin. 


Sa/b (Pin 6) 

When Sa/b's high, the S2 negative input of the voltage 
summer is tied to the lowpass output. When the Sa/b P'^i is 
connected to the negative supply, the S2 input switches to 
ground. 

AGND (Pin 15) 

AGND is connected to the system ground for dual supply 
operation. When operating with a single positive supply, 
the analog ground pin should be tied to 1/2 of the supply 
and bypassed with a 0.1/iF capacitor. The positive inputs 
of the internal op amps and the reference point of the in¬ 
ternal switches are connected to the AGND pin. 

fcLK/fo ratio 

The ML2110 is a sampled data filter and approximates 
continuous time filters. The filter deviates from its ideal 
continuous filter model when the (fcLK^U decreases 
and when the Qs are low. 

foXQ PRODUCT RATIO 

ThefoxQ product of the ML2110 depends on the clock 
frequency and the mode of operation. For clock frequen¬ 
cies below IMFlz, in mode 1 and its derivatives, the 
foXQ product is mainly limited by the desired fo and Q 
accuracy. For the same clock frequency and for the same 
Q value the foXQ product can be further increased if the 
clock to center frequency ratio is lowered below 50:1. 

Mode 3, Figure 24, and the modes of operation where R4 
is finite, are "'slower" than the basic mode 1. The resistor 
R4 places the input op amp inside the resonant loop. The 
finite GBW of this op amp creates an additional phase shift 
and enhances the Q value at high clock frequencies. 

OUTPUT NOISE 

The wideband RMS noise of the ML2110 outputs is nearly 
independent from the clock frequency provided that the 
clock itself does not become part of the noise. The noise 
at the BP and LP outputs increases for high Qs. 
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FILTER FUNCTION DEFINITIONS 

Each filter of the ML2110 with an external clock and resis¬ 
tors approximates 2nd order filter functions. These are 
tabulated below In the frequency domain. 

1 . Bandpass function: available at the bandpass output 
pins (2,19), Figure 13. 


G(s) = Hobp 


S^ + (swo/Q) + Wo^ 


HoBP“Gain at c*j = Wo 

fo^a)o/ 2 ^; fo is the center frequency of the com¬ 
plex pole pair, fo is measured as the peak fre¬ 
quency of the bandpass output. 

Q = Quality factor of the complex pole pair. It is the 
ratio of fo to the -3dB bandwidth of the 2nd 
order bandpass function. The Q is always 
measured at the filter BP output. 

2. Lowpass function: available at the LP output pins 
(1/20), Figure 14. 


C(s) = Holp 


s^ + s(coo/Q) + coq 


Holp= DC gain of the LP output. 

3. Highpass function: available only in mode 3 at the out¬ 
put pins (3,18), Figure 15. 


G(s) = Hohp 


s^ + s(wo/Q)+c«^o 


HoHP^g^i'^ HP output for f— 

4. Notch function: available at pins 3 (18) for several 
modes of operation. 


G(s) = (HoN2 ) 


+ S{(j3qIQ) + 0)q 


Hon 2 = 83'*^ the notch output for f— - 


Honi == 8 ^ 1 '^ of the notch output for f —0 

fp »= cjn/27r; fp is the frequency of the notch 
occurrence. 

5. Allpass function: available at pins 3(18) for mode 4,4a. 
i_i [s^-s(a)o/Q) + a)y 


G(s) = Hoar¬ 


s'•+■ s(c«)o/Q) + Wo 


HoAP= 83 in of the alipass output for 0 <f< --^ 

For allpass functions, the center frequency and the Q of 
the numerator complex zero pair is the same as the 
denominator. Under these conditions, the magnitude re¬ 
sponse is a straight line. In mode 5, the center frequency 
fz, of the numerator complex zero pair, is different than for 
For high numerator Q's, the magnitude response will have 
a notch at fz- 



ft to tH 
f(LOG SCALE) 



Figure 13 


LOWPASS OUTPUT 

Hop 

^ HolP 
Z 0.707 HoLP 


fp k 
f(LOG SCALE) 



HoP=HoLPX — 

JL 

Q 

Figure 14 




HIGHPASS OUTPUT 



fc fp 
f(LOG SCALE) 



Figure 15 
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OPERATION MODES 


Table 1. 1st Order Functions 


MODE 

PIN 2 (19) 

PIN 3 (18) 

^C 

fz 

6a 

LP 

HP 

^CLK ^ R2 

100(50) R3 


6b 

LP 

LP 

kiK ^ R2 

100(50) R3 


7 

LP 

AP 

X 

o 

klK ^ R2 

100(50) R3 


Table 2, 2nd Order Functions 


MODE 

PIN 1 (20) 

PIN 2 (19) 

PIN 3 (18) 

r— fir- n 


1 

LP 

BP 

Notch 

^CLK 








100(50) 




la 

LP 

BP 

BP 

^CLK 








100(50) 




1b 

LP 

BP 

Notch 

^CLK 


/1, 

^CLK 





100(50) 


/ ' ' R5 + R6 

100(50) 

1c 

LP 

BP 

Notch 

I^CLK 


/ R6 

^CLK 





100(50) 


/ R5 + R6 

100(50) 

Id 

LP 

BP 


^CLK 








100(50) 




2 

LP 

BP 

Notch 

^CLK 


/l-. *^2 

^CLK 





100(50) 


/ R4 

100(50) 

2a 

LP 

BP 

Notch 

^CLK 


/ R2 R6 

^^CLK 





100(50) 

\ 

' R4' R5 + R6 

100(50) 

2b 

LP 

BP 

Notch 

^CLK 


/R2 R6 

I^CLK 





100(50) 


/ R4 R5 + R6 

100(50) 

3 

LP 

BP 

HP 

^CLK 








100(50) 


1 R4 


3a 

LP 

BP 

Notch 

^CLK 


/r2 

^CLK 





100(50) 


/ R4 

100(50) 

4 

LP 

BP 

AP 

^CLK 








100(50) 




4a 

LP 

BP 

AP 

^CLK 








100(50) 

"'A 

1 R4 


5 

LP 

BP 

C.Z 

^CLK 


/i + B2 

fclK 





100(50) 



100(50) 


fN 


■4 


x-a/1 + 


R6 


R5 + R6 


^ rzMH 

V R5 + R6 




xa/1 + 


R6 


R5 + R6 


4 


R6 


R5 + R6 




M 

R4 
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OPERATION MODES (Continued) 

There are basically three modes of operation: mode 1, 
mode 2 , mode 3. In the mode 1, Figure 16, the input 
amplifier is outside the resonant loop. Because of this> 
mode 1 and its derivatives (mode 1 a, 1 b, 1 c, 1 d) are faster 
than modes 2 and 3. 

Mode 1 a, Figure 17, represents the most simple hook-up 
of the ML2110. Mode la is useful when voltage gain at the 
bandpass output is required. The bandpass voltage gain, 
however, is equal to the value of Q, arid a second order, 
clock tunable, BP resonator can be achieved with only 2 
resistors. The filter center frequency directly depends on 
the external clock frequency. For high order filters, mode 
la is not practical as it requires several clock frequencies 
to tune the overall filter response. 

Mode 1, Figure 16, provides a clock tunable notch. 

Mode 1 is a practical configuration for second order clock 
tunable bandpass/notch filters. In mode 1, a bandpass out¬ 
put with a very high Q, together with unity gain, can be 
obtained with the dynamics of the remaining notch and 
lowpass outputs. 

Modes 1 b and 1c, Figures 18, 19 are similar. They both 
produce a notch with a frequency which is always equal to 
the filtet center frequency. The notch and the center fre¬ 
quency can be adjusted with an external resistor ratio. 


The clock to center frequency ratio range is: 


; mode 1b 

^ 1 fo 1 1 

100 50 fcLK 100 50 

-or — >->—p-or— 7 =—; mode 1c 

1 1 fo V2 V2 

The input impedance of the SI pin is clock dependent, 
and in general R5 should not be larger than 5k. Mode 1 b 
can be used to increase the clock to center frequency ratio 
beyond 100:1. For this mode, the limit for the (fcLK/U f^tio 
is 500:1. Beyond this, the filter will exhibit large output off¬ 
sets. Mode Id, Figure 20, is the fastest mode of operation: 
In the 50:1 mode center frequencies beyond 20kF1z can 
easily be achieved. 

Modes 2, 2a, and 2b have a notch output which fre¬ 
quency, fp, can be tuned independently from the center 
frequency, fo- For all cases, however, fp <fo. These modes 
are useful when cascading second order functions to cre¬ 
ate an overall elliptic highpass, bandpass or notch re¬ 
sponse. The input amplifier and its feedback resistors (R2/ 
R4) are now part of the resonant loop. Because of this, 
mode 2 and its derivatives are slower than mode 1 's. 


1/2ML2110 


R3 



f fCLK ■ ^ R2.Li^on- R3. - R2.pw_^ 

100(50)'^" to, Holp- ^^,Hobp- ^2 


Figure 16. Mode 1: 2nd Order Filter Providing Notch, 
Bandpass, Lowpass 


1/2ML2110 



fo= 100(50) R2' ^C)BP1= - HobP2 = 1(NONINVERTING);Holp = -1 


Figure 17. Mode la: 2nd Order Filter Providing 
Bandpass, Lowpass 
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OPERATION MODES (Continued) 

1/2ML2110 


R6 R5 



HoN,(f-0) = HoN 2 _82;HoBP=- «->OLP=.f;.:^S|^;R5<5k!! 

Figure 18. Mode 1b: 2nd Order Filter Providing Notch, Bandpass, Lowpass 

1/2ML2110 


R6 R5 



f ^CLK r~R6 , _p R3 r~lb . 

° 100(50) V R5 + R6'" R2VR5 + R6' 

HoN,(f-0).HoN2 (f-toR) _R?;HoLP.~-,--gfL_HoBP.-g;R5<5k!! 

Figure 19. Mode 1c: 2nd Order Filter Providing Notch, Bandpass, Lowpass 


R3b R3a 


1/2ML2110 


1 ( 20 ) 



fCLK_ 


100(50) ' Q “ ^ R3b' R1 ^ ^ 


Ho.p.-P;Vn=-|?v,^ 


Figure 20. Mode Id: 2nd Order Filter Providing Bandpass and Lowpass for Qs Greater Than or Equal to 1. 
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OPERATION MODES (Continued) 

1/2ML2110 



Figure 21. Mode 2: 2nd Order Filter Providing Notch, Bandpass, Lowpass 
1/2ML2110 



LP 

1 ( 20 ) 


f = fcl-K L R2 , R6 ■ f ^ fCLK /T 

® 100(50) V R4 R5 + R6' " 100(50) V 

HoN.(f-0). - ^ ^ R6)11 ('-¥) 


HoBP= - R3/R1;Holp = 


- R2/R1 


1 + (R2/R4) + [R6/(R5 + R6)] 


Figure 22. Mode 2a: 2nd Order Filter Providing Notch, Bandpass, Lowpass 

1/2ML2110 


R4 

A/W- 

R3 

■AAA" 


R6 

r —^^v- 


R5 



f - fclK /R2 R6 fCLK / R6 .q_ R3 /R2 R6 

100(50) VR4 R5 + R6' " 100(50) V R5 + R6 ' R2V R4 R5 + R6 

HoN,(f-0)=-|f (f-%K) =-R2/Rl 

Hobp= - R3/R1; Holp= (R2/R4) + [R 6V5+R6)] 


Figure 23. Mode 2b: 2nd Order Filter Providing Notch, Bandpass, Lowpass 
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OPERATION MODES (Continued) 

In mode 3, Figure 24, a single resistor ratio (R2/R4) can 
tune the center frequency below or above the fcLK^lOO (or 
fcLK/50) ratio. Mode 3 is a state variable configuration 
since it provides a highpass, bandpass, lowpass output 
through progressive integration; notches are obtained by 
summing the highpass and lowpass outputs (mode 3a, 
Figure 25). The notch frequency can be tuned below or 
above the center frequency through the resistor ratio (Rh/ 
R|). Because of this, modes 3 and 3a are the most versatile 
and useful modes for cascading second order sections to 
obtain high order elliptic filters. Figure 33> shows the 2 sec¬ 
tions connected in mode 3a to obtain a clock tunable 4th 
order sharp elliptic bandpass filter. The first notch is cre¬ 
ated by summing directly the HP and LP outputs of the first 
section into the inverting input of the second section op 
amp. The individual Q's are 29.6 and the filter maintains 
its shape and performance up to 20kHz center frequency, 
as shown in Figure 34. For this circuit an external op amp 
is required to obtain the 2nd notch. The dynamics of 
Figure 34 show that the amplitude response at each output 
pin does not exceed OdB. The gain in the passband 


depends on the ratio of (Rg/Rh2)x(R22/Rhi) x (R21/R11). 
Any gain value can be obtained by acting on the (Rg/Rh2) 
ratio of the external op amp, the remaining ratios are 
adjusted for optimum dynamics of the output nodes. The 
external op amp of Figure 33 is not always required. In 
Figure 35, one section in mode 3a is cascaded with the 
other section in mode 2b to obtain a 4th order, 1 dB ripple, 
elliptic bandreject filter. The clock to center frequency 
ratio is adjusted to 200:1; this is done in order to better ap¬ 
proximate a linear R,C notch filter. The amplitude re¬ 
sponse of the filter is shown in Figure 36 with up to 1MHz 
clock frequency. The OdB bandwidth to the stop band¬ 
width ratio is 8/1. When the filter is centered at 1 kHz, it 
should theoretically have a 44dB rejection with a 50Hz 
stop bandwidth. For a more narrow filter than the above, 
the unused BP output of the mode 2b section, Figure 35, 
has a gain exceeding unity which limits the dynamic range 
of the overall filter. For very selective bandpass/band reject 
filters, the mode 3a approach as in Figure 25, yields better 
dynamic range since the external op amp helps to opti¬ 
mize the dynamics of the output nodes of the ML2110. 



Figure 24. Mode 3: 2nd Order Filter Providing Highpass^ Bandpass, Lowpass 

1/2ML2110 


R4 



Figure 25. Mode 3a: 2nd Order Filter Providing Flighpass, Bandpass, Lowpass, Notch 
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OPERATION MODES (Continued) 

1/2ML2110 


R4 



f ^CLK /R2.p,_ M. R5. - 

100(50) \/r4'^ R2\/r4'^®^^ Hqbp ri' 


Figure 26. Mode 4a: 2nd Order Filter Providing Hlighpass, Bandpass^ Lowpass, Allpass 


1/2ML2110 



‘O' Wor«- i - Si^ "O'*"- (i) 


Figure 27. Mode 4: 2nd Order Filter Providing Allpass/ Bandpass^ Lowpass 
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OPERATION MODES (Continued) 


1/2ML2nO 



f = ^CLK ^ fCLK _ RJ. o = /l + 

“ 100(50) V R4' ^ 100(50) V R4'^ R2V R4 

HOZ (.- to) = i- 




1/2ML2110 



Figure 29. Mode 6a: 1st Order Filter Providing Highpass^ 
Lowpass 



Figure 28. Mode 5: 2nd Order Filter Providing 
Numerator Complex Zeros, Bandpass, Lowpass 


1/2ML2110 


V|N 



Figure 30. Mode 6b: 1st Order Filter Providing Lowpass 


1/2ML2110 



Figure 31. Mode 7:1 st Order Filter Providing Allpass, 
Lowpass 
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OPERATION MODES (Continued) 



PRECISE RESISTOR VALUES 
Rt1 = T49.55k R12 = 44.1k 

R21= 4.988k R22 = 4.999k 

R31 = 149.73k R32 = 143.5k 

R51= 2.538k R52 = 2.498k 

R61 = 2.495k R62 = 4.331 k 


OdB 
-5dB 
-lOdB 
-15dB 
-20dB 
-25dB 

0 . 

OdB 
-5dB 
-lOdB 
-15dB 
-20dB 
-25dB 

18kHz 19kHz 20kHz 21kHz 22kHz 



Figure 32. Cascading the 2 sections connected in mode 1b to obtain a clock tunable 4th order IdB ripple 
bandpass Chebyshev filter with (center frequency)/(Ripple Bw) = 20/1. 



RESISTOR VALUES 

R11 = 155.93k R21 = 5k R31 = 152k R41 = 5.27k 

Rhi-13.2k R|1 = 10.74k R22 = 5.26k R32 = 151.8k 

R42 = 5k RI2 = 6.11k Rh2 = 5k Rg = 37.3k 

NOTE: FOR CLOCK FREQUENCIES ABOVE 700kHz A 12pF CAPACITOR ACROSS R41 AND A 20pF 
CAPACITOR ACROSS R42 WERE USED TO PREVENT THE PASSBAND RIPPLE FROM ANY 
ADDITIONAL PEAKING. 


Figure 33. Combining mode 3 with mode 3a to make the 4th order BP filter of Figure 34 with improved 
dynamics. The gain at each node is < OdB for all input frequencies. 
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OPEkATiON modes (Continued) 



-50dB 

I.SkHz 1.75kHz 2kHz 2.25kHz 2.5kHz 
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1.5kHz 1.75kHz 20kHz 22.5kHz 25kHz 


Figure 34. The BP filter of Figure 33, when swept from a 2kHz to 20kHz center frequency. 


R41 

R31 

2 

^ iT" 20 1 

LPb —• 

R^ 


BPb 

NbH. 


4 

17 


INVa 



5 ^ 

16 



SIb 


“ 6 

15 

+ 5V- 

Sa/b 

AGND —Q 


7 

14"== 

V+ = +5V- 

—1 Va + 

Va-1 


1 8 

13 1 


'- Vd + 

Vd- —' 


9 

12 


LSh 

50/100 - 


— 10 

11 


1-CLKa 

CLKb —1 

. ORCMOS. 

J_ 

_1 


RESISTOR VALUES 

Rll=60k R21=5k R31 = 54.75k 

R41 = 28.84k Rh1 = 5k Rn = 19.3k 

R52 = 5k R62 = 1.59k R22 = 60k 

R32 = 455.75k R42 = 503.85k 



0.7 0.8 0.9 fo = 1.0 1.1 1.2 1 

INPUT FREQUENCY NORMALIZED TO FILTER CENTER FREQUENCY 


Figure 35. Combining mode 3 with mode 2b to create a Figure 36. Amplitude Response of the Notch Filter of 

4th order BP elliptic filter with IdB ripple and a ratio of Figure 35. 

Odb to stop bandwidth equal to 8/1. 
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OFFSETS 


Switched capacitor integrators generally exhibit higher in¬ 
put offsets than discrete R,C integrators. 


(Notch and LP) depend on the mode of operation and ex¬ 
ternal resistor ratios. Table 3 illustrates this. 


These offsets are mainly the charge injection of the CMOS 
switches into the integrating capacitors. The internal op 
amp offsets also add to the overall offset budget. 

Figure 37 shows half of the ML2110 filter with its equiva¬ 
lent input offsets Vqsi/V os 2 /Vqss- 

The DC offset at the filter bandpass output is always equal 
to Vos 3 ' The DC offsets at the remaining two outputs 


It is important to know the value of the DC output offsets, 
especially when the filter handles input signals with large 
dynamic range. As a rule of thumb, the output DC offsets 
increase when: 

1. The Q's decrease 

2. The ratio (fciK/U increases beyond 100:1. This is done 
by decreasing either the (R2/R4) or the R6/(R5 + R6) 
resistor ratios. 


( 18 ) ( 16 ) 



Figure 37. Equivalent Input Offsets of 1/2 ML2110 Filter 


Tables 


MODE 

^OSN 

PIN 3 (18) 

'^OSBP 

PIN 2 (19) 

'^OSLP 

PIN 1 (20) 

1,4 

Vosi[(l/Q) + l+IIHoLplll-Vos3/Q 

VoS3 

VoSN~Vos2 

la 

Vosi[1+(1/Q)1-Vos3/Q 

VoS3 

VoSN-Vos2 

lb 

Vosi [(1 /Q) +1 + R2/R1 ] - Vos3 /Q 

VoS3 

~(Vosn-Vos2)(1 + R5/R6) 

Ic 

Vosi [(1/Q) +1 + R2/R1 ] - Vos3/Q 

VoS3 

~(VoSN-Vos2)-<^5^"^> 

usN US2 (,^5^2R6) 

Id 

Vosi[H-R2/R1] 

VoS3 

VqsN - VoS2 - V 0 S 3 /Q 

2, 5 

[Vosi (1 + R2/R1 + R2/R3 -H R2/R4) - Vos3(R2/R3)] x 
[R4/(R2 + R4)] + Vos2 [R2/(R2 -f- R4)] 

Vos3 

VoSN“VoS2 

2a 

[Vosi (1 + R2/R1 + R2/R3 + R2/R4) - Vqss (R2/R3)] X 

1 RW+k) 1 +v- f ^2 R6 

VoS3 

~(VoSN-VoS2) 

USN US2 (R5^2R6) 

lR2 + R4(1+k)| ' 1R2 + R4(1-hk)l '' R5 + R6 

2b 

[Vosi (1 + R2/R1 + R2/R3 + R2/R4) - Vos 3 (R2/R3)] X 

I 1 iV* [ 1 1- 

VoS3 

~(Vosn-Vos2)(i+R5/R6) 

lR2-hR4kJ ^^MR2 + R4kJ'' R5 + R6 

3,4a 

VoS2 

VoS3 

,, L R4 R4 R41 ,, /R4\ 

1 R1 R2 R3| *^^^\R2/ 

-VoS3(||) 


ORDERING INFORMATION 


PART NUMBER 

TEMP. RANGE 

PACKAGE 

PART NUMBER 

TEMP. RANGE 

PACKAGE 

ML2110BCP 

ML2110CCP 

ML2110BCS 

ML2110CCS 

ML2110B1J 

ML2110Clj ■ 

O'^C to +70°C 
0“C to +70°C 
0°C to +70°C 
0°C to +70°C 
-40°C to +85°C 
-40°C to +85°C 

MOLDED DIP (P20) 
MOLDED DIP (P20) 
MOLDED SOIC (S20W) 
MOLDED SOIC (S20W) 
HERMETIC DIP (J20) 
HERMETIC DIP (J20) 

ML2110BMJ 

ML2110CMJ 

ML2110BIP 

ML2110CIP 

ML2110BIS 

ML2110CIS 

-55°C to +125'^C 
-55°C to +125°C 
-40°C to +85°C 
-40°C to +85°C 
-40“C to +85°C 
-40‘’C to+85°C 

HERMETIC DIP {J20) 
HERMETIC DIP (J20) 
MOLDED DIP (P20) 
MOLDED DIP (P20) : 

MOLDED SOIC (S20W) 
MOLDED SOIC (S20W) 
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ML2111 


Universal Hi-Frequency Dual Filter 


GENERAL DESCRIPTION 

The ML2111 consists of two independent switched capaci¬ 
tor filters that operate up to 1 SOkHz. These filters perform 
second order functions, such as lowpass, bandpass, high- 
pass, notch and allpass. All filter configurations, including 
Butterworth, Bessel, Cauerand Chebyshev can be formed. 

The center frequency of these filters are tuned by an ex¬ 
ternal clock or the external clock and a resistor ratio. 

The ML2111 frequency range up to 1 SOkHz is specified 
with ±5.0V± 107o power supplies. Using a single 
5.0V ± 1 07o power supply the frequency range is up to 
100kHz. 

These filters are ideal where center frequency accuracy 
and high Qs are needed. 

The ML2111 is a pin compatible superior replacement for 
MF10, LMF100, and LTC1060 filters. 


FEATURES 

■ Guaranteed frequency range to 150 kHz 

■ Center frequency x Q product < 5 MHz 

■ Separate highpass, notch, allpass, bandpass, and 
lowpass outputs 

■ Center frequency accuracy ±0.4% or ±0.8% max 

■ Q accuracy ±4%, or ±8% max 

■ Clock inputs TTL or CMOS compatible 

■ Single 5V (±2.25V) or ±5V ±10% supply operation 
guaranteed 

■ 0°Cto -h70°C, -40°Cto +85°C, -55°Cto 
operating temperature range 

■ Standard 0.3" 20-pin DIP or 20-pin small outline 
(SOIC) package 


BLOCK DIAGRAM 


PIN CONNECTIONS 


Vd+ Va + 


N/AP/HPa si a 


BPa 


LPa 



Vd- Va- 


N/AP/HPb SIb 


ML2111 
20-PIN DIP 



LPb 

BPb 

N/AP/HPb 

INVb 

SIb 

AGND 

Va- 


ML2111 
20-PIN SOIC 



pn LPb 


N/AP/HPb 


SIb 

AGND 


Vd- 

50/100/HOLD 
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PIN DESCRIPTION 


PIN NO. 

NAME 

FUNCTION 

1 

LPa 

Lowpass output for 
biquad A. 

2 

BPa 

Bandpass output for 
biquad A. 

3 

N/AP/HPa 

Notch/a II pass/high pass 
output for biquad A. 

4 

INVa 

Inverting input of the 
summing op amp for 
biquad A. 

5 

SI A 

Auxiliary signal input pin 
used in modes la, Id, 4, 

5, and 6b. 

6 

Sa/b 

Controls S2 input 
function. 

7 

Va+ 

Positive analog supply. 

8 

Vd+ 

Positive digital supply. 

9 

LSh 

Reference point for clock 
input levels. Logic 
threshold typically 1.4V 
above LSh voltage. 

10 

CLKa 

Clock input for biquad A. 

11 

CLKb 

Clock input for biquad B. 


PIN NO. 

NAME 

FUNCTION 

12 

50/100/HOLD 

Input pin to control the 
clock to center 
frequency ratio of 50:1 or 
100; 1, or stops the clock 
to hold the last sample of 
the bandpass or lowpass 
outputs. 

13 

Vd- 

Negative digital supply. 

14 

Va- 

Negative analog supply. 

15 

AGND 

Analog ground. 

16 

S1b 

Auxiliary signal input 
used in modes la, Id, 4, 

5, and 6b. 

17 

INVb 

Inverting input of the 
summing op amp for 
biquad B. 

18 

N/AP/HPb 

Notch/allpass/highpass 
output for biquad B. 

19 

BPb 

Bandpass output for 
biquad B. 

20 

LPb 

Lowpass output for 
biquad B. 


ABSOLUTE MAXIMUM RATINGS 

(Note 1) 

Supply Voltage 

|Va+L1Vd + |-|Va-L|Vd-1 ...13V 


VA + ,VD+to LSh.....13V 

Inputs. |Va + , VD+|+0.3Vto |Va-, Vq-|-0.3V 

Outputs. 1 Va +, Vd + 1 + 0.3V to IVa -, Vd -1 - 0.3V 

IVA+lto |Vd+|. ±0.3V 

Power Dissipation. 750mW 


Storage Temperature Range...-65°Cto150°C 

Lead Temperature (soldering, 10 sec).. 300°C 

ELECTRICAL CHARACTERISTICS 

Unless otherwise specified Ta=Tmin to Tmax, Va+ = Vd + 
(1.00 Vrms), Clock Duty Cycle 45% to 55%. 


OPERATING CONDITIONS 

Temperature Range (Note 2) 
ML2111BCP,ML2111CCP, 


ML2111BCS, ML2111CCS.. .. .0°Cto 70°C 

ML2111BIJ, ML2111CIJ. ..-40°Cto +85°C 

ML2111BMJ,ML2111CMJ.-55°Cto +125°C 

Supply Voltage Range...± 2.25V to ±6.0V 


= Vd - = - 5V ± 10%, Cl = 25pF, ViN = 1.41 Vrk 


= 5V±107o, Va- 





1 ML2111B 

1 ML2111C 


PARAMETER 

NOTES 

CONDITIONS 

MIN 

TYP 

NOTES 

MAX 

MIN 

TYP 

NOTES 

MAX 

UNITS 


Filter 


fo, Center Frequency 
Maximum 

5,6 

Figure 15 (Mode 1) 

ViN = 1VpK (.707 Vrms) 

Q < 50, Q Accuracy <±25% 
Q<20, Q Accuracy < ± 15% 



100 

150 

1 -- 


100 

150 

1 

kHz 

kHz 

fo. Center Frequency 
Minimum 

5,6 

Figure 15 (Mode 1) 

Q < 50, Q Accuracy < ± 307o 

Q<20, Q Accuracy < ± 15% 

25 

25 



25 

25 



Hz 

Hz 

fo, Temperature 
Coefficient 


fcLK<5MHz 

■ 

-10 



-10 


ppm/°C 

Clock to Center 
Frequency Ratio 

4 

4 

Q=10 

Figure 15 (Mode 1) 

50:1,fcLK = 5MHz 

100:1, fcLK = 5MHz 

49.65 

99.60 

49.85 

100 j 

50.05 

100.40 

49.45 

99.20 

49.85 ! 
100 

50.25 

100.80 



j^Micro Linear 


3-84 


















ML2111 


ELECTRICAL CHARACTERISTICS (Continued) 

Unless otherwise specified = Tmin fo Tmax/ = Vd+ = 5V ± 10%, Va- = Vq- = -5V ± 10%, Cl = 25pF, 
V,N = 1.41VpK (1.00 Vrms), Clock Duty Cycle 50% (Note 8). 


PARAMETER 

NOTES 

CONDITIONS 

ML2111B 

1 ML2111C 1 

UNITS 

MIN 

TYP 
NOTE 3 

MAX 

MIN 

TYP 
NOTE 3 

1 

MAX 

Filter (Continued) 

Clock Frequency 

5 

Q<20, Q Accuracy <±15% 

2.5k 


7.5M 

2.5k 

1 

7.5M 

Hz 

Clock Feedthrough 

5 

fCLK^SMHz 


10 

20 


10 

20 

mV(p-p) 

Q Accuracy 

4 

fcLK = 5MHz,Q=10 

50:1 



±3 



±5 

% 



Figure 15 (Mode 1) 

100:1 



±4 



±8 

% 

Q Temperature 

5 

fcLK<5MHz,Q=10 



20 



20 


ppm/°C 

Coefficient 











DC Offset 


50:l,fcLK = 5MHz 









Vos 2, 3 

4 

Sa/b High 



7 

40 


7 

60 

mV 

Vos 2, 3 

4 

Sa/b Low 



7 

40 


7 

60 

mV 

DC Offset 


100:1, faK = 5MHz 









Vos 2 , 3 

4 

Sa/b High 



14 

60 


14 

100 

mV 

Vos 2 , 3 

4 

Sa/b Low 



14 

60 


14 

100 

mV 

Gain Accuracy 











DC Lowpass 

4 

R1=20k, R2==2k, R3 = 

= 20k 


0.01 

2 


0.01 

2 

% 

Bandpass at fo 

4 

100:1, fo = 50kHz,Q = 

10 


1 

4 


1 

6 

% 

DC Notch Output 

5 




0.02 

2 


0.02 

2 

% 

Noise 

7 

Figure 15 (Mode 1) 











Q = l,R1=R2 = R3 = 2k 








' 


Bandpass, lOOkHz, 50:1 


103 



103 


mVRMS 



50kHz, 100:1 


121 



121 


mVrms 

i 


Lowpass, lOOkHz, 50:1 


120 



120 


mVrms 



50kHz, 100:1 


150 



150 


mVrms 



Notch, lOOkHz, 50:1 


115 



115 


mVrms 



50kHz, 100:1 


135 



135 


mVRMS 



1 Figure 15 (Mode 1) 











Q = 10,Rl=R3 = 20k,R2 = 2k 










Bandpass, lOOkHz, 50:1 


262 



262 


mVrms 



50kHz, 100:1 


333 



333 


mVrms 



Lowpass, lOOkHz, 50:1 


268 



268 


mVrms 



(R1=2k) 50kHz, 100:1 


342 



342 


mVrms 



Notch, lOOkHz, 50:1 


64 



64 


mVrms 



(R1=2k) 50kHz, 100:1 


72 



72 


mVrms 

Crosstalk 


fCLK = 5MHz,fo = 100kHz 


-50 



-50 


dB 

Filter, = Vd+ = 2.25V, V^- 

= Vd- = -2.25V, V,N 

= 0.707 VpK (0.5 Vrms) (NQTE 9) 




fo, Center Frequency 

5 

[Figure 15 (Mode 1) 









Maximum 


Q < 50, Q Accuracy < ± 30% 



75 



75 

kHz 



Q<20, Q Accuracy < ± 157o j 



100 



100 

kHz 

fo, Center Frequency 

5 

Figure 15 (Mode 1) 









Minimum 


Q^50,Q Accuracy < 

±30% 

25 



25 



Hz 



Q < 20, Q Accuracy < 

±15% 1 

25 



25 



Hz 

Clock to Center 


Q=10 









Frequency Ratio 


Figure 15 (Mode 1) 










4 

50:l,fcLK = 2.5MHz 


49.65 

49.85 

50.05 

49.45 

49.85 

50.25 



5 

100:1, fcLK = 2.5MHz 


99.60 

100 

100.40 

99.20 

100 

100.80 


Clock Frequency 

5 

1Q< 20, Q Accuracy < ±15% i 

2.5k 


5M 

2.5k 


5M 

Hz 

Q Accuracy 

4 

fcLK==2.5MHz,Q = 10 

50:1 



±4 

. 


±8 

% 



Figure 15 (Mode 1) 

100:1 


±3 



±6 


% 
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ELECTRICAL CHARACTERISTICS (Continued) 

Unless otherwise specified = Tmin to TmaX/ Va+ = Vd+ = 5V ± 10%, Va- - Vp- = -5V ± 10%, Gl - 25pF, 
V|N = 1.41VpK (1.00 Vrms), Clock Duty Cycle 50% (Note 8). 





ML2111B 

1 ML2111C 


PARAMETER 

NOTES 

CONDITIONS 

MIN 

TYP 
NOTE 3 

MAX 

^ MIN 

TYP 
NOTE 3 

MAX 

UNITS 


Filter, Va+=Vd+ = 2.25V, Va - =Vd- = -2.25V, Vin = 0.707 Vpk (0.5 Vrms) (Continued) 


Noise 

7 

Figure 15 (Mode 1) 

Q-1,R1-R2 = R3 = 2k 

Bandpass, 100kHz, 50:1 

50kH2, 100:1 
Lowpass, 100kHz, 50:1 

50kHz, 100:1 
Notch, , lOOkHz, 50:1 

50kHz, 100:1 


105 

123 

122 

152 

117 

138 

j 

■ 


105 

123 

122 

152 

117 

138 


./^Yrms 
/aVrms 
fiVRMS 
/aVrmS 
jwVRMS 
mVRMS 



Figure 15 (Mode 1) ' 


' 








Q-10,R1=R3 

= 20k,R2 = 2k 










Bandpass, 

ipOkHz, 50:1 


265 



265 


mVRMS 




50 kHz, 100:1 


335 



335 


mVrms 



Lowpass, 

100kHz, 50:1 


270 



270 


mVRMS 


" 

(R1 =2k) 

50kHz, 100:1 


245 



245 


mVRMS 



Notch, 

lOOkHz, 50:1 


65 



65 


• mVRMS 


_^_1 

(R1=2k) 

50kHz, 100:1 


73 



73 

_ ■ 1 

mVRMS 


Operational Amplifiers and Power Supply 


Vos DC Offset 

4 



2 

15 


2 

15 

mV 

DC Open Loop Gain 


RL=1k 


95 



95 


dB 

Gain Bandwidth 
Product 




2.4 



2.4 


MHz 

Slew Rate 




2.0 



2.0 


V/ms 

Output Voltage 

Swing 

(Clipping Level) 

5 

RL = 2k, |V|fromVA+orVA- 


0.5 

• 1.2 

' 

j 

0.5 

1.2 

V 

Output Short Circuit 
Current 


Source 

Sink 


50 
■■ 25 



50 
, 25 


< < 
E E 


Power Supply And Clock 


Supply Current 
■Oa + ) + (Id + ) 

(1a-).+ (Id-) 

Ilsh 

4 , 

fcLK = 5MHz 


13 

12 

0.5 

22 ‘ 

21 

1 

■ 

13 

12 

0.5 

22 

21 

1 

< < < 
E E E 

VcLK Input Threshold 

4 

fCLK = 5MHz 


Low 



0.6 



0.6 

V 





High 

3.0 



3.0 



■ 'V' 


5 ' 

fcLK<2.5MHz 

Low 



0.8 



0.8 

V 





High 1 

2.0 



2.0 



V 

CLKA, CLKB Pulse, 

5, 8 

CLK High or 

|Vd+|-|Vp-|>4.5V I 

100 



100 



ns 

Width 


CLK Low 

|VD+|-|VD-|a9.0V 

66 



66 


____1 

ns 


Note 1: Absolute maximum ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless otherwise 
specified are measured with respect to ground. 

Note 2: -55®C to +125®C operating temperature range devices are 100% tested at temperature extremes with worst-case test conditions. b®C to 
70°C,and -40°C to +85®C operating temperature range devices are 100% tested with temperature limits guaranteed by 100% testing, 
sampling'or by correlation with worst-case test conditions. 

Note 3; Typicals are parametric norm at 25®C. 

Note 4: Parameter guaranteed and 100% production tested. 

Note 5: Parameter guaranteed. Parameters not 100% tested are not in outgoing quality level calculation. 

Note 6: Center frequency is defined as the peak of the bandpass output. 

Note 7: The noise is measured with the HP8903A audio analyzer with a bandwidth of 750kHz which is 7.5 times the fo at 50:1 and 15 times 
the fo at 100:1. 

Note 8: For best performance with f^LK ^ 2.5MHz use a 50% duty cycle. 

Note 9: For = -55°C to +125°C; Va+ = Vd+ = 2.375V, V^- = Vd- = -2.375V 
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FUNCTIONAL DESCRIPTION 

POWER SUPPLIES 

The analog (Va + ) and digital (Vd + ) supply voltage pins 
should be tied together and bypassed to AGND with at 
least a 0.1 /iF and a 0.01 fi¥ disc ceramic capacitor. If high 
digital noise exists, the supply pins can be bypassed sepa¬ 
rately. The ML2111 positive analog and positive digital 
supply pins are internally connected by the 1C substrate 
and should be biased from the same DC source. The 
ML2111 negative analog and negative digital supply are 
not connected internally, however they should be biased 
from the same DC source and bypassed with at least a 
0. VF and a O.Ol/iF disc ceramic capacitor. 

The ML2111 operates with a single supply from 4V to 12V 
and with split supplies from ± 2.0V to ±6V. 

CLOCK INPUT PINS AND LEVEL SHIFT 

With dual supplies equal to or higher than +4.0V, the 
level shift (LSh) pin 9 can be connected to the same 
potential as the AGND or Va- pin. With single supply 
operation, the negative supply pins and the LSh pin should 
be tied to the system ground. The AGND, pin 15, should 
be biased at 1 /2 supplies. Under these conditions, the 
clock levels are TTL or CMOS. The input clock pins 
(10, 11) share the same level shift pin. 

50/100/HOLD(Pinl2) 

By tying pin 12 to (Va + / Vp-t-) the filter operates in the 
50:1 mode. By tying pin 12 to 1/2 of the voltage supplies 
(AGND potential), the ML2111 operates in the 100:1 
mode. The range of pin 12 without affecting the 100:1 
filter operation with total supply voltage of -i- 5V is 
2.5±0.5V; -F10V is 5V±0.5V. When pin 12 is tied to the 
negative supply pin, the filter operation is stopped and the 
bandpass and lowpass outputs act as an S/H circuit hold¬ 
ing the last sample. 

SIa/ SIb/ (Pins 5 and 16) 

These are the auxiliary voltage signal input pins always con¬ 
nected to one of the negative inputs of the voltage summer 
(the other negative input switches between LPo and AGND 
according to control pin Sa/b (pin 6). The positive input of 
the voltage summer is always connected to N/AP/HP pin of 
the corresponding section. They should be driven with a 
source impedance below 5k for fcLK<2.5MF1z and 1 k to 2k 
for fcLK > 2.5MHz. The SI a, SI b pins can be used to alter 
the clock to center frequency ratio (fcLK^W of the filter (see 
modes 1 b, 1 c, 2a, 2b) or to feedforward the input signal for 
allpass filter configurations (see modes 4 and 5). They can 


also be used, as in mode Id to avoid the finite phase shift 
through the input amplifier, hence allowing higher operat¬ 
ing frequencies. When these pins are not used, they should 
be tied to the AG N D pi n. 

Sa/b (Pin 6) 

When Sa/b's high, the S2 negative input of the voltage 
summer is tied to the lowpass output. When the Sa/b pin is 
connected to the negative supply, the S2 input switches to 
ground. 

AGND (Pin 15) 

AGND is connected to the system ground for dual supply 
operation. When operating with a single positive supply, 
the analog ground pin should be tied to 1/2 of the supply 
and bypassed with a 0.1 /aF and a 0.01 /^F disc ceramic 
capacitor. The positive inputs of the internal op amps and 
the reference point of the internal switches are connected 
to the AGND pin. 

fcLK/^o RATIO 

The ML2111 is a sampled data filter and approximates 
continuous time filters. The filter deviates from its ideal 
continuous filter model when the (fcLK^W ratio decreases 
and when the Qs are low. 

fo X Q PRODUCT RATIO 

The foxQ product of the ML2111 depends on the clock 
frequency and the mode of operation. For clock frequen¬ 
cies below 5MHz, in mode 1 and its derivatives, the 
foXQ product is mainly limited by the desired fo and Q 
accuracy. For the same clock frequency and for the same 
Q value the foXQ product can be further increased if the 
clock to center frequency ratio is lowered below 50:1. 

Mode 3, Figure 23, and the modes of operation where R4 
is finite, are "slower" than the basic mode 1. The resistor 
R4 places the input op amp inside the resonant loop. The 
finite GBW of this op amp creates an additional phase shift 
and enhances the Q value at high clock frequencies. 

OUTPUT NOISE 

The wideband RMS noise of the ML2111 outputs is nearly 
independent from the clock frequency provided that the 
clock itself does not become part of the noise. The noise 
at the BP and LP outputs increases for high Qs. 
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TYPICAL PERFORMANCE CURVES 




6 

8 

10 

0 

2 

4 

fCLK(MHz) 





fCLK (MHz) 


Figure 1 A. fcLK/^o vs. fcLK (50:1, Vs = ±5V) 




0 2 4 6 8 10 

fcLK(MHz) 


FigurelB. fcLK/^ovs.feu(100:1,Vs= ±5V) 




Figure 1C. feu/fovs.feu (50:1, Vs= ±2.5V) 


3-88 


Micro Linear 









ML2111 


TYPICAL PERFORMANCE CURVES (Continued) 



0 2 4 6 8 


fcLK (MHz) 



0 2 4 6 8 10 

fCLK (MHz) 


Figure 1D. fcLR/fo vs. fciK (100:1, Vs = ± 2.5V) 



Figure 2A. Iclk/Io Deviation vs. Temperature (50:1, 
Vs= ±5V) 



-60 -40 -20 0 20 40 60 80 100 120 

TEMPERATURE (°C) 


Figure 2B. fcLR/lo Deviation vs. Temperature (100:1, 
Vs= ±5V) 



Figure 2C. fcLk/lo Deviation vs. Temperature (50:1, 
Vs =± 2.5V) 



_60 -40 -20 0 20 40 60 80 100 120 


TEMPERATURE (°C) 

Figure 2D. fcLk/lo Deviation vs. Temperature (100:1, 
Vs =± 2.5V) 
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TYPICAL PERFORMANCE CURVES (Continued) 



Figure 2E. Q Error vs. fcLK (50:1, Vs = ± 5V) 


Ta = 25°C 
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V|N = .707VRMS 
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Figure 2F. Q Error vs. fcLK (100:1, Vs = ± 5V) 
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Figure 2G. Q Error vs. fciK (50:1, Vs = ± 2.5V) 
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TYPICAL PERFORMANCE CURVES (Continued) 


12 -Ta = 25°C - 

MODE 1 
V|N = .5VrmS 



1 



Q = 10 

MODE 1 

V|n = .5Vrms 




















i_ 




fCLK (MHz) 

Figure 2H. Q Error vs. Fclk 000:1, Vs = ±2.5V) 


Ta= +125°C 
Ta= +8 ' 5°C^ I 
Ta= +25°C~^ ^ 


0 = 10 





-60 -40 -20 0 20 40 60 80 100 120 

TEMPERATURE (°C) 

gure 3A. Q Deviation vs. Temperature (50:1, Vs = ± 5V) 


0.4 - V|n = .707Vrms 

fcLK = 5MHz 

0.2 - 



-60 -40 -20 0 20 40 60 80 100 

TEMPERATURE (°C) 

Figure 3B. Q Deviation vs. Temperature (100:1, 
Vs=±5V) 
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TEMPERATURE (°C) 

Figure 3C. Q Deviation vs. Temperature (50:1, 

Vs = ± 2.5V) 








— 1 —r“ 

Q = 10 
MODE 1 

"1 








V|N = .5VR^ 
fCLK = 2.5M 
fo = 25kHz 
- 1- 

-IS 

Hz 

















\ 













N 












I 

I 

I 

I 


-60 -40 -20 0 20 40 60 80 100 12 
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Figure 3D. Q Deviation vs. Temperature (100:1, 
Vs =± 2.5V) 
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ML2111 


TYPICAL PERFORMANCE CURVES (Continued) 



FREQUENCY (kHz) 


Figure 7A. Noise Spectrum Density (Q = 1) 



Figure 7B. Noise Spectrum Density (Q = 10) 



Figure 8. fcLR/^NOTCH vs. fciK 



2 3 4 5 6 

SUPPLY VOLTAGE (±V) 

Figure 10. Supply Current vs. Supply Voltage 



Figure 9. Notch Depth vs. fcLK 



Figure 11. Supply Current vs. Temperature 
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FILTER FUNCTION DEFINITIONS 

Each filter of the ML2111 with an external clock and resis¬ 
tors approximates 2nd order filter functions. These are 
tabulated below in the frequency domain. 

1. Bandpass function: available at the bandpass output 
pins (2,19), Figure 12. 

G(s) = Hqbp - —T 

S + (scoq/Q) + (jJq 

Hqbp = Gain at 0 ) = coq 

io = o3ol2'K) fo is the center frequency of the com¬ 
plex pole pair, fo is measured as the peak fre¬ 
quency of the bandpass output. 

Q = Quality factor of the complex pole pair. It is the 
ratio of foto the -3dB bandwidth of the 2nd 
order bandpass function. The Q is always 
measured at the filter BP output. 

2. Lowpass function: available at the LP output pins 
(1,20), Figure 13. 

G(s) = Holp- 


s^ -f s(a)o/Q) + cUq 
Holp= DC gain of the LP output. 

3. Highpass function: available only in mode 3 at the out¬ 
put pins (3, 18), Figure 14. 


G(s) = Hohp“ 


s^ -f- s(a)o/Q) + Wo 
HoHP = 83'n of the F1P output for f- 


2 


4. Notch function: available at pins 3 (18) for several 
modes of operation. 

(S^ + W^n) 


G(s) = (HoN 2 ) 


S^ + S(Wo/Q) •+■ Wq 


HoN 2 = 83'n of the notch output for f-^ 

Hon 1 =83'*^ oDhe notch output for f-^0 

fn = Wn/2'7r; fn is the frequency of the notch 
occurrence. 

5. Allpass function: available at pins 3(18) for mode 4, 4a. 

[s^ 


G(s) = Hoap 


S^-hS(Wo/Q) + Wq 


HoAP=8a'n of the allpass output for 0<f< 


fclK 


For allpass functions, the center frequency and the Q of 
the numerator complex zero pair is the same as the 
denominator. Under these conditions, the magnitude re¬ 
sponse is a straight line. In mode 5, the center frequency 
fz, of the numerator complex zero pair, is different than fo- 
For high numerator Q's, the magnitude response will have 
a notch at fz- 





V(^) ■"') 

Figure 12 


^ Hop 

^ Holp 

Z 0i707HoLP 


LOWPASS OUTPUT 


fp fc 
f(LOG SCALE) 


'C = <<.x VFlk) " 


Hop = Holp X 


Q\A~ 4Q" 

Figure 13 

HIGHPASS OUTPUT 



f(LOG SCALE) 


fc = f o X 


fp = foX 






1 

2Q^ 


HoP=HohPX 


T 


Q V* ^ 


4Q^ 

Figure 14 
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OPERATION MODES 


Tablet. 1st Order Functions 


MODE 

PIN 2 (19) 

PIN 3 (18) 


6a 

LP 

HP 

^CLK R2 

100(50) ^ R3 

6b 

LP 

LP 

^CLK ^;r2 
100(50) ^ R3 

7 

LP 

AP 

klK R2 

100(50) ^ R3 


■CLK ^ ^ 

100(50) R3 


PIN 1 (20) 

LP 


PIN 2 (19) 

BP 


Table 2, 2nd Order Functions 

PIN 3 (18) I fo 

Notch fri K 


L R2 


/l ^ R6 
rY R5 + R6 

/R2 R6 
' R4 R5 + R6 



100(50) R5 + R6 
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OPERATION MODES (Continued) 

There are basically three modes of operation: mode 1, mode 

2, mode 3. In the mode Figure 15, the input amplifier is 
outside the resonant loop. Because of this, mode 1 and its 
derivatives (mode 1a, 1b, 1c, Id) are faster than modes 2 and 

3. The table below gives an approximation of the frequency 
range for each mode. 


Mode 1* 

High Frequency Mode 

1,1a, Id 

fo up to 150 kHz; Q up to 20** 

1b, 1c 

fo up to 100 kHz; Q up to 30 

Mode 2 

Flexible for Notches 

2, 2a, 2b 

fo up to 30 kHz; Q up to 30 

Mode 3 

Most Flexible / Low Component Count 

3, 3a 

fo up to 30 kHz; Q up to 30 


* Q and fg have an inverse relationship. This table is only an 

approximation. Actual performance depends on board layout and stray 
capacitance. 

** 157o of less Q deviation. Higher Q's can be realized with greater 
deviation. 

Mode 1 a. Figure 16, represents the most simple hook-up 
of the ML2111. Mode la is useful when voltage gain at the 
bandpass output is required. The bandpass voltage gain^ 
however, is equal to the value of Q, and a second order, 
clock tunable, BP resonator can be achieved with only 2 
resistors. The filter center frequency directly depends on 
the external clock frequency. For high order filters, 
mode la is not practical as it requires several clock fre¬ 
quencies to tune the overall filter response. 


1/2ML2111 


R3 



f fCLK ^ R2 .. R3 .. R2 ^ R3 

- 100(50)' 

NOTE: ELECTRICAL TESTING IS PERFORMED 
WITH FOLLOWING RESISTOR VALUES: 

Q = 1 WITH R1 = R2 = R3 = 2k 
Q = 10 WITH R1 = R3 = 20k, R2 = 2k 

Figure 15. Mode 1: 2nd Order Filter Providing Notch, 
Bandpass, Lowpass 


Mode la is a good choice when Butterworth filters are de¬ 
sired since they have poles in a circle with the same fo- 
Figure 31 shows an example of a 4th order IGOkHz low- 
pass Butterworth filter clocked at 5MHz. 

A mohotonic passband response with a smooth transition 
band results, showing the circuit's low sensitivity, even 
though 17o resistors are used which result in an approxi¬ 
mate value of Q. 

Mode 1, Figure 15, provides a clock tunable notch. 

Mode 1 is a practical configuration for second order clock 
tunable bandpass/notch filters. In mode 1, a bandpass out¬ 
put with a very high Q, together with unity gain, can be 
obtained with the dynamics of the remaining notch and 
lowpass outputs. Figure 32 is an example of a 4th order 
bandpass filter implemented by cascading 2 sections each 
with a Q of 10. This figure shows the amplitude response 
when fcLK= 7.5MHz resulting in a center frequency of 
150kHz and a Q of 15.5. 

Modes 1b and 1c, Figures 17, 18 are similar. They both 
produce a notch with a frequency which is always equal to 
the filter center frequency. The notch and the center fre¬ 
quency can be adjusted with an external resistor ratio. 

The clock to center frequency ratio range is: 


1 fo 1 


or—; mode 1c 
1 


100 50 fcLK 100 
-—Or —>-^>—7— 

1 1 fo 


or 


— 7 =-; mode 1 b 
V2 


The input impedance of the SI pin is clock depend¬ 
ent, and in general R5 should not be larger than 5k for 
fcLK<2-5MHz and 1 k to 2k for fcLK>2.5MHz. Mode 1b 
can be used to increase the clock to center frequency ratio 
beyond 100:1. For this mode, the limit for the (fcLK/U f^ho 
is 500:1. Beyond this, the filter will exhibit large output off¬ 
sets. Mode 1 d, Figure T9, is the fastest mode of operation: 
In the 50:1 mode center,frequencies beyond 150kHz can 
easily be achieved. Figure 33 is an example using mode Id 
of a 4th order filter where each section hasaQof Tin- 
dependent of resistor ratios. In this mode the input ampli¬ 
fier is outside the damping (Q) loop. Therefore, its finite 
bandwidth does not degrade the response at high fre¬ 
quency. This allows the amplifier to be used as an anti¬ 
aliasing and continuous smoothing filter by placing a 
capacitor across R2. 

Modes 2, 2a, and 2b have a notch output which fre¬ 
quency, fn, can be tuned independently from the center 
frequency, fo- For all cases, however, fn<fo- These modes 
are useful when cascading second order functions to cre¬ 
ate an overall elliptic highpass, bandpass or notch re¬ 
sponse. The input amplifier and its feedback resistors (R2/ 
R4) are now part of the resonant loop. Because of this, 
mode 2 and its derivatives are slower than mode 1 's. 
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OPERATION MODES (Continued) 

1/2ML2111 1/2ML2111 



HobP 2 = 1(NONINVERTING);Holp= -1 HoNl(f^0) = HoN 2 {i - HoBP= - ^;HoLP= R6 T^ R5<5kfi 


Figure 16. Mode la: 2nd Order Filter Providing Figure 17. Mode 1b: 2nd Order Filter Providing Notch, 

Bandpass, Lowpass Bandpass, Lovt^pass 



V 


Figure 18. Mode Ic: 2nd Order Filter Providing Notch, Bandpass, Lowpass 


1/2ML2111 

R3b R3a 





Figure 19. Mode Id: 2nd Order Filter Providing Bandpass and Lowpass for Qs Greater or Equal to 1 
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OPERATION MODES (Continued) 

1/2ML2111 



Figure 20. Mode 2: 2nd Order Filter Providing Notch; Bandpass^ Lowpass 


1/2ML2111 



LP 

1(20) 


fCLK 


^4' 


R2 ^ R6 


100(50) V R4 R5 + R6' 


fciK 

100(50) 


-f 




R4 R5 + R6 


HoN,tf-0)=-Bf ;Hon 2 (f-^aK) 

Hobp° - HotP= , ^ (R2/R4 u"?R 6/(R5. R6)l 

Figure 21. Mode 2a: 2nd Order Filter Providing Notch, Bandpass, Lowpass 


1/2ML2111 


R4 

■AAAr 

R3 


R6 

r —*SAAr 


R5 



i ^ ^CLK /R2 R6 f ^ fCLK / R6 . q = M, /R2 R6 
® 100(50) VR4 R5 + R6' " 100(50) V R5 + R6'^ R2VR4 R5 + R6 

HoNl(f-*0)= - ^ 


R6/(R5 + R6) 
(R2/R4) + [R6/(R5 + R6)] 


;Hon2 


Hobp= - R3/R1;Holp = 


- R2/R1 

(R2/R4) + [R6/(R5+R6)] 


Figure 22. Mode 2b: 2nd Order Filter Providing Notch, Bandpass, Lowpass 
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OPERATION MODES (Continued) 

In mode 3, Figure 23, a single resistor ratio (R2/R4) can tune 
the center frequency below or above the fcLK^lOO (of 
50) ratio. Mode 3 is a state variable configuration since it 
provides a highpass, bandpass, lowpass output through pro¬ 
gressive integration; notches are obtained by summing the 
highpass and lowpass outputs (modes 3a, Figure 24). The 


notch frequency can be tuned below or above the center 
frequency through the resistor ratio (Rh/R|). Because of this, 
modes 3 and 3a are the most versatile and useful modes for 
cascading second order sections to obtain high order elliptic 
filters with frequencies up to 30 kHz. 


1/2ML2111 


R 4 



imkS Svi' M 


Figure 23. Mode 3: 2nd Order Filter Providing Flighpass^ Bandpass, Lowpass 


1/2ML2111 


R 4 



= 


tCLK f^. 


100 ( 50 ) V R 4 ' 
HoNl(f 


/ fn = 




-R 2 /R 1 ; HoBP= -R 3 /R 1 , HoLP= - R 4 /R 1 


- 0,3 X Mhon. (.-%*) = i (^Ho.P- |hohp) 


Figure 24. Mode 3a: 2nd Order Filter Providing Highpass, Bandpass, Lowpass, Notch 
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OPERATION MODES (Continued) 


1/2ML2111 



Figure 25. Mode 4: 2nd Order Filter Providing Allpass, Bandpass, Lowpass 


1/2ML2111 



Figure 26. Mode 4a: 2nd Order Filter Providing Fiighpass, Bandpass, Lowpass, Ailpass 
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OPERATION MODES (Continued) 

1/2ML2111 1/2ML2111 



HoBP = 


R3 

R2 


; Holp = 


1 +(R2/R1) 
1 +(R2/R4) 


Figure 27. Mode 5: 2nd Order Filter Providing Figure 28. Mode 6a: 1st Order Filter Providing Highpass^ 

Numerator Complex Zeros, Bandpass, Lowpass Lowpass 


1/2ML2111 


1/2ML2111 



Figure 29. Mode 6b: 1 st Order Filter Providing Lowpass Figure 30. Mode 7:1 st Order Filter Providing Allpass, 

Lowpass 
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OPERATION MODES (Continued) 



17o RESISTOR VALUES 
(ACTUAL VALUES USED) 
R21= 37460 R22 = 19960 

R31 = 20030 R32 = 26040 



10k 100k 

FREQUENCY (Hz) 


Figure 31. 4th Order, 100kHz Lowpass Butterworth Filter Obtained by Cascading 2 Sections in Mode la 



R21=2kO R22 = 2k0 

R31=20k0 R33^20k0 



FREQUENCY (Hz) 


Figure 32. Cascading Two Sections in Mode 1, Each With Q = 10 Results in a Bandpass Filter with Q = 15.5 and 
fo= 150kHz (fcLK = 7.5MHz) 
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OPERATION MODES (Continued) 




RESISTOR VALUES 
R11 = R21 = R12 = R22 = 2.0kfi 


10k 


100k 

FREQUENCY (Hz) 


1M 


Figure 33. Cascading Two Sections in Mode Id, Each With Q = 1 (Independent of Resistor Ratios) Creates a Sharper 4th 
Order Lowpass Filter 




R34 = 100Q 
R31= 80k 


Figure 34. Notch Filter with Q = 50 and fo = 130kHz. This Circuit Uses Side A's Biquad in Mode 1 d and the Side B Op 
Amp to Create a Notch Whose Depth is Controlled by R31. The Notch is Created by Subtracting the Bandpass from V|n. 
The Bandpass of Side A is Subtracted Using the Op Amp of Side B. 
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OFFSETS 

Switched capacitor integrators generally exhibit higher in¬ 
put offsets than discrete R, C Integrators. 

These offsets are mainly the charge injection of the CMOS 
switches into the integrating capacitors. The internal op 
amp offsets also add to the overall budget. 

Figure 35 shows half of the ML2111 filter with its equiva¬ 
lent input offsets Vqsi / Vos2/ Vosa- 

The DC offset at the filter bandpass output is always equal 
to Vos 3 . The DC offsets at the remaining two outputs 


(Notch and LP) depend on the mode of operation and ex¬ 
ternal resistor ratios. Table 3 illustrates this. 

It is important to know the value of the DC output offsets, 
especially when the filter handles input signals with large 
dynamic range. As a rule of thumb, the output DC offsets 
increase when: 

1. The Q's decrease 

2. The ratio (fcLK^W increases beyond 100:1. This is done 
by decreasing either the (R2/R4) or the R6/(R5 + R6) 
resistor ratios. 


(18) (16) (19) (20) 



Figure 35. Equivalent Input Offsets of 1/2 ML2111 Filter 


Table 3 


MODE 

^OSN 

PIN 3 (18) 

'^OSBP 

PIN 2 (19) 

Vqslp 

PIN 1 (20) 

1,4 

Vosi[(i/Q) + i +«HoLplll-Vos3/Q 

VoS3 

VoSN-VoS2 

la 

Vos,n+(l/Q)]-Vos3/Q 

VoS3 

VoSN-VoS2 

1b 

Vosi[(1/Q) + i + R2/ri1-Vos3/Q 


~(VoSN-VoS 2 ) d+R5/R6) 

1c 

Vosi[(1/Q)+>+R2/:R1]-Vos3/Q ^ 

VoS3 

_ VqcO d^5-i-R6) 

OSN OS2i(R5 + 2R6) 

Id 

Vosi(i + R2/RM ■ 

Vos3 

^OSN - Vos2 - V 0 S 3 /Q 


[Vosrd + R2/RT + R2/R3 + R2/R4) - Vos3(R2/R3)] x 
[R4/(R2 + R4)] V6s2 [R2/(R2 -h R4)] , , 

VoS3 

\^OSN-VoS2 

2a 

[Vosid + R2/R1 + R2/R3 + R2/R4) -■Vos3(R2/R3)] x 
[ R4(l4k) 1 f R2 R6 

VoS3 

~(VosN-Vos2) 

OSN ^^^^(R5 + 2R6) 

lR2-)-R4(F4-k) J ■"^^MR2-hR4(r-hk)]/ ' R5 + R6 

2 b 

[Vosid +R2/R1 +R2/R3 + R2/R4)-Vos3(R2/R3)]x 

( R4k r b 1 R6 

VoS3 

~(VoSN-VoS2)d+R5/R6) 

lR2-FR4kj ■ ^ 1 R2 + R4k J ' ' R5 + R6 

3, 4a 

VoS2 

VoS3 

(i) 


ORDERING INFORMATION 


PART NUMBER 

TEMP. RANGE 

PACKAGE PART NUMBER 

TEMP. RANGE 

PACKAGE 

ML2111BCP 

ML2111CCP 

ML2111BCS 

ML2111CCS 

ML2111Blj 

ML2111Clj 

O^C to +70“C 
O^C to +70°C 

0°C to +70°C 

0®C to +70°C 
-40°C to +85‘’C 
-40°C to +85‘’C 

MOLDED DIP {P20) ML2111BMj 

MOLDED DIP (P20) ML2111CMJ 

MOLDED SOIC (S20W) ML2111BIP 

MOLDED SOIC (S20W) ML2111C1P 

HERMETIC DIP (J20) ML2111BIS 

HERMETIC DIP (j20) ML2111CIS 

-^55°C to +125'>C 
-SS^C to +125®C 
-40°C to +85'’C 
-40°C to +85'’C 
-40°C to +85‘’C 
-40°C to +85°C 

HERMETIC DIP (J20) 
HERMETIC DIP (J20) 
MOLDED DIP (P20) 
MOLDED DIP (P20) 
MOLDED SOIC (S20W) 
MOLDED SOIC (S20W) 
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Data Communications 


Section 4 


Selection Guide. 4-1 

ML2652 10 BASE-T Physical Interface Chip. 4-3 

ML4621 Fiber Optic Data Quantizer. 4-21 

ML4622 Fiber Optic Data Quantizer. 4-27 

ML4624 Fiber Optic Data Quantizer... 4-27 

ML4632 Fiber Optic LED Driver. 4-35 

ML4642 AUl Multiplexer. 4-41 

ML4652 10BASE-T Transceiver. 4-55 

ML4654 10BASE-T Transceiver for Hubs. 4-71 

ML4658 10BASE-T Transceiver with Autopolarity . 4-55 

ML4661 FOIRL Transceiver. 4-81 

ML4661EVAL FOIRL Evaluation Kit... 4-91 

ML4662 lOBASE-FL Transceiver. 4-92 

ML4662EVAL 10BASE-FL Evaluation Kit. 4-104 

ML4663 Single Chip 1OBASE-FL Tranceiver. 4-105 

ML4663EVAL 1 OBASE-FL Evaluation Kit. 4-119 

ML6622 High-Speed Data Quantizer.. 4-120 

ML6632 High-Speed Fiber Optic LED Driver. 4-125 

ML6671 TP-PMD MLT-3 Transceiver... 4-129 

ML6682 Token Ring Physical Interface. Chip. 4-130 
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Data Communications 


Selection Guide 

10BASE-T Tranceivers 

Part Number 

Applications 

LED Outputs 

Autopolarity 

Package Types 

ML4652 

Internal MAU 

6 

No 

24 Pin Skinny DIP 


External MAU 



28 Pin PLCC 

ML4658 

Internal MAU 

6 

Yes 

24 Pin Skinny DIP 


External MAU 



28 Pin PLCC 

ML4654 

HUB MAU 

5 

Yes 

20 Pin Skinny DIP 

28 Pin PLCC 

ML2652 

PC Card 

7 

Yes 

44 Pin PLCC 

44 Pin TQFP 

Fiber Optic Quantizers and LED Drivers 

Part Number 


I/O Types 

Bandwidth 

Package Types 

ML4621 


TTL, ECL 

50 MHz 

24 Pin Skinny DIP 

28 Pin PLCC 

ML4622 


TTL, ECL 

40 MHz 

16 Pin Skinny DIP 

16 Pin Narrow SOIC 

ML4624 


TTL, ECL 

40 MHz 

24 Pin Skinny DIP 

28 Pin PLCC 

ML6622 


ECL 

150 MHz 

16 Pin DIP 

1 6 Pin Narrow SOIC 

ML4632 


TTL, ECL 

20 MHz 

14 Pin DIP 

16 Pin SOIC 

ML6632 


ECL, TTL 

150 MHz 

8 Pin DIP 

8 Pin SOIC 

AUl Multiplexers 

Part Number 

Number of Channels 

Cascadeable 

Package Type 

ML4642 


2 

Yes 

28 Pin SSOP 

Token Ring Physical Interface 

Part Number 

Application 

Data Rates 

Cable Type 

Package Type 

ML6682 

Station 

4 Mbps 

UTP 

44 Pin TQFP 


Concentrator 

16 Mbps 

STP 
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SONET/FDDI 

Part Number 

Bandwidth 

Cable Type 

Package 

ML6622 Quantizer 

150MHz 

Fiber 

16 Pin DIP 

16 Pin Narrow SOIC 

ML6632 LED Driver 

150 MHz 

Fiber 

8 Pin DIP 

8 Pin SOIC 

ML6671 MLT-3 Transceiver 

80 MHz 

Shielded Twisted Pair 

Data Grade Twisted Pair 
Category 5 

28 Pin SSOP 

Evaluation Kits 

Part Number 

Kit Includes 

I/O 

LED Outputs 

ML4661EVAL 

PC Board 

AUl Connector 

Transmit 

ML4662EVAL 

ML Sarnples 

Fiber Optic 

Receive 

ML4663EVAL 

HFBR2416 

ST Connector 

Jabber 


HFBR1414 


Collision 


Users Guide 


Link Detect 


AUl Connectors 
Transformers 


Power 
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ML2652 


lOBase-T Physical Interface Chip 

FEATURES 


GENERAL DESCRIPTION 

The ML2652, 10BASE-T Physical Interface Chip, is a 
complete physical interface for twisted pair and AUl 
Ethernet applications. It combines a 10BASE-T MAU, 
Manchester Encoder/Decoder, and Twisted Pair Interface 
filters in one monolithic 1C. A complete DTE interface for 
twisted pair Ethernet can be implemented by combining 
the ML2652, an Ethernet controller, and transformers. 

The ML2652 can automatically select between an AUl 
and twi sted pair interface based on Link Pulses. The 
AUlSEL status LED reflects which port is active. Receive 
Polarity can also be automatically corrected. Seven LED 
outputs provide complete status at the physical link. Link 
Test and Receive Polarity can be enabled or disabled 
through the LED outputs. 

The unique transmitter design uses a waveform generator 
and low pass filter to meet the lOBASE-T transmitter 
requirements without the need for an external filter. The 
differential current driven output reduces common mode 
which in turn results in very low EMI and RFI noise. 

The ML2652 is implemented in a low power double 
polysilicon CMOS technology. 


■ Complete physical interface solution 

■ Conforms to IEEE 802.3i-1990 (1 OBase-T) 

■ On-chip transmit and receive filters 

■ AUl and Twisted Pair interface 

■ Automatic AUl/Twisted Pair selection 

■ Power down mode 

■ Pins selectable controller interface- 

Intel 82586, 82596 
NSC DP8390 
Seeq 8003, 8005 
AMD 7990 
Fujitsu MB86950 

■ Automatic polarity correction 

■ Pin selectable receive squelch levels 

■ Status pins for: polarity, link detect, receive & 
transmit activity, collision, jabber, AUl selection 

■ Single supply 5V ±5% 

■ 44 pin PCC package 


BLOCK DIAGRAM 



AUlSEL CLS LTP JAB 


RTX 


Tx+ 


Tx- 


Rx+ 


Rx- 


RSL 


DO+ 

DO- 

CI+ 

Cl- 

DI+ 

Dl- 


^3^ Micro Linear 


4-3 















ML2652 

PIN DESCRIPTION 


NAME FUNCTION 

VCG Positive supply.+5y^^ 

GND Ground. 0 volts. All inputs and outputs referenced 
to this point. 

CLK Clock input. There must be either a 20 MHz 
crystal or a 20 MHz clock between this pin 
and GND. 

Tx+ Transmit positive twisted pair output. This output 
is a current source that drives the twisted pair 
cable through a pulse transformer. 

Tx- Transmit negative twisted pair output. This output 
is a current source that drives the twisted pair 
cable through a pulse transformer. 

Rx+ Receive positive twisted pair input. This input 

receives data from the twisted pair cable through 
a pulse transformer. 

Rx- Receive negative twisted pair input. This input 

receives data from the twisted pair cable through 
a pulse transformer. 

DO+ AUl positive transmit output. AUl transmit data 
output to optional external transceiver. 

DO- AUl negative transmit output. AUl transmit data 
output to optional external transceiver. 

DI+ AUl positive receive data input from optional 
external transceiver. 

Dl- AUr negative receive data input from optional 
external transceiver. 

CI+ AUl positive collision input from optional 
external transceiver. 

Cl- AUl negative collision input from optional 
external transceiver. 

RTX Transmit current set. An external resistor between 
this pin and GND programs the absolute value of 
output current on Tx±. 

TxC Transmit clock output. Digital output which 
clocks the transmit data (TxD) into the device 
from the controller. 

TxD Transmit data input. Digital input which contains 
transmit data from the controller. 

TxE Transmit enable input. Digital input from the 

controller that indicates when the transmit data 
(TxD) is valid. 

COL Collision output Digital output to the controller 
which indicates when a collision condition is 
present. 

RxC Receive clock output. Digital output which clocks 
receive data (RxD) from the device into the 
controller. 


NAME FUNCTION 

RxD Receive data output. Digital output which 
contains receive data sent to the controller. 

RxE Receive data valid. Digital output to the controller 
that indicates when the receive data (RxD) is 
valid. 

LPBK Local loopback. Digital input from the controller 
which forces the device to loopbasck transmit 
data without sending it on the media. 

LBKDIS Disables AUl loopback and collision detection. 
Allows loopback through RI45 for diagnostic 
purposes. 

High = Loopback Disabled, 

Low = normal operation. 

CSO Controller selection input. Digital input which 
selects one of 5 standard controller timing 
interfaces. This pin has an internal pulldown 
resistor to GND. 

CS1 Controller select input. Digital input which selects 
one of five standard controller timing interfaces. 
This pin has'an internal pulldown resistor to 
GND. 

CS2 Controller select input. Digital input which selects 
one of 5 standard controller timing interfaces. 

This pin has an Internal pulldown resistor to 
GND. 

RSL Receive squelch level select input. Pin has 
internal pullup resistor to VCC. 

RSL = High Receive squelch level = 10Base-T 
RSL = Low Receive squelch level = extended 
distance 

XMT Transmit status output. Digital output which 
indicates data transmission on Tx+ and Tx-. 

Pin is open drain output with resistor pullup and 
is capable of driving an LED. ■ 

RCV Receive status output. Digital output which 
indicates unsquelched data reception on Rx+ 
and Rx-. Pin is an open drain output with resistor 
pullup and is capable of driving an LED. 

CLS Collision status output. Digital output which 
indicates that collision condition has been 
detected. Pin is an open drain output with resistor 
pullup and is capable of driving an LED. 

LTP Link test pass output/input. This pin consists of an 
open drain output transistor with a resistor pullup 
that serves both as a link test pass output and a 
link test disable input. When used as an output, 
th is pi n is capable of driving an LED. 

LTP = High, link test failed 
LTP = Low, link test pass 
LTP = GND, link test disabled 
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PIN DESCRIPTION (Continued) 


NAME FUNCTION 

AUIAP AUI/twiste(j pair interface select input. 

AUl/TP = High, AUl selected 
AUIATP = Low, TP selected 

RPOL Receive polarity status output/input. This pin 

consists of an open drain output transistor with a 
resistor pul I up that serves both as a receive 
polarity status output and as an automatic polarity 
correction input. When used as an output, this 
pin is capable of driving an LED. 

RPOL = High, receive polarity reversed 

RPOL = Low, receive polarity correct 

RPOL = GND, auto polarity correction enabled 


NAME FUNCTION 

JAB Jabber detect output. Digital output which 
indicates that the jabber condition has been 
detected. Pin is an open drain output with resister 
pu llup and is capable of driving a LED. 

JAB = High, normal 
JAB = Low, jabber detected 

AUlSEL A Ul/TP po rt output status 

AUlSEL = High, TP port selected 
AUlSEL = Low, AUl port selected 

JABDIS Jabber disable input 

JABDIS = High, jabber disabled 
JABDIS = Low, normal operation 

NC No connect. Leave this pin (3pen circuit. 
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Ml-2652 

ABSOLUTE MAXIMUM RATINGS 


Absolute maximum ratings are limits beyond which the VCC supply voltage .. +6.5 volts 

life of the integrated circuit may be impaired AH voltages All inputs and outputs...-Q.3v to VCC + .3v 

unless otherwise specified are measured with respect to Input current per pin .. .....±25 mA 

GND. (Note1) Power dissipation 0.75 Watt 

Storage temperature range ..-65°C to+150°C 

Lead temperature (soldering, 10 sec) ..300°C 


ELECTRICAL CHARACTERISTICS 

Unless otherwise specified Ta= 0°C to 70°C, Vcc = +5%. Note 2 & 3. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

VIL 

Digital input low voltage 

All except CLK 



.8 

V 



CLK 



1.5 

V 

VIH 

Digital input high voltage 

All except CLK 

2.0 



V 



CLK 

3.5 



V 

IIL 

Digital input low current 

VIN=GND TxD, TxE, AUl/fP 



-1 

pA 



VIN=GND LPBK, CS2-0, LBDISJABDIS 



-1 

pA 



VIN=GND RSL 

-10 

-25 

-50 

pA 



VIN=GND LTP;RP0L, 

-125 

-250 

-500 

pA 



VIN=GNDCLK 



-250 

ma 

IIH 

Digital input high current 

VIN=VCC TxD, TxE, AUl/fP 



1 

pA 



VINWCC LPBK, GS2-0, LBDIS, JABDIS 

10 

25 

50 

pA 



VIN=VCC RSL 



1 

ha 



VIN=VCC LTP, RPOL 



1 

pA 



VIN=VCC CLK 



250 

pA 

CIN 

Digital input capacitance 

All except CLK 


5 


pF 



CLK 


10 


pF 

VOL 

Digital output low voltage 

IOL=-2mA TxC, COL, 







RxC, RxD, RxE 

IOL=-20mA XMT, RCV, 



.4 

V 



CLS, LTP, RPOL, JAB 



.6 

V 

VOH 

Digital output high voltage 

IOH=2mA TxC, COL, 

RxC, RxD, RxE 

IOL=1 OuA )^, RCV, CLS, 

4.0 



V 



LTP, RPOL, JAB 

2.4 



V 

ICC 

VCC supply current 

TX transmission 



140 

mA 



No transmission 



105 

mA 



Powerdown mode 



.1 

mA 

TOV 

Tx± differential 
output voltage 


2.2 

2.5 

2.8 

Vp 

THD 

Tx± harmonic distortion 

TxD=all ones 

-27 



dB 

TCM 

Tx± common mode 
output voltage 




±50 

mVp 

TCMR 

■ 

Tx± common mode rejection 

VCM=15vp, 10.1 MHz sine 


± 100 


mVp 

TOVI 

Tx± differential output 
voltage during idle 




± 50 

mVp 
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ELECTRICAL CHARACTERISTICS (Continued) 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

TOIA 

Tx± output current accuracy 

RTX=10K 


50 


mA 

TRO 

Tx± output resistance 



1 


Mohm 

TCO 

Tx± output capacitance 



10 


pF 

RRI 

Receive input resistance 


5K 

10K 


ohms 

RCI 

Receive input capacitance 



10 


pF 

RSON 

Receive squelch on level 

RSL=1 

300 


585 

mVp 



RSL=0 

200 


390 

mVp 

RSOF 

Receive squelch off level 

RSL=1 

200 


390 

mVp 



RSL=0 

133 


260 

mVp 

DOV 

DO± (differential 
output voltage 


±550 


±1170 

mV 

DOVI 

DO± differential 
output voltage during idle 




± 40 

mV 

DOUS 

DO±differential output 
voltage return to 0 undershoot 




-100 

mV 

DOGMA 

DO± common mode AG 
output voltage 




±40 

mV 

DOGMA 

DO± common mode DG 
output voltage 



VGG *.5 


V 

DIRI 

DI/GI input resistance 


5K 

10K 


ohms 

DIGI 

DI/GI input capacitance 



10 


pF 

DIBV 

DI/GI input bias voltage 

DI/GI floating 


VGG *.5 


V 

DISON 

DI/GI squelch on level 


-250 


-375 

mVp 

DISOF 

DI/GI squelch off level 


-1 75 


-275 

mVp 

t1 

TxG on time 


45 

1 

■ 

55 

ns 

t2 

TxG off time 


45 


55 

ns 

t3 

TxG period 



100 


ns 

t4 

TxE setup time 


25 



ns 

t5 

TxE hold time 


0 



ns 

t6 

TxD setup time 


25 



ns 

t7 

TxD hold time 


0 



ns 

t8 

Transmit propagation delay 

Tx± 


60 

200 

ns 



DO± 



200 

ns 

t9 

— 

Start of Idle 

Tx± 






Pulse Width 

DO± 

225 


350 

ns 

tio 

SOI pulse width to within 

Tx± 



4500 

ns 


40mV of final value 

DO± 



8000 

ns 
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ELECTRICAL CHARACTERISTICS (Continued) 


SYMBOL 

PARAMETER 

CONDmONS 

MIN 

TYP 

MAX 

UNITS 

til 

Transmit output jitter 

Tx± 



1+ 

00 
b , 

ns 



DO± 



± .5 

ns 

t12 

Transmit output 
rise and fall time 

Tx± , 10-90% 


■. 5 ■ 


ns 

t13 

TxE to XMT assert 




200 

ns 

tl4 

XMT blinker pulse period 


95 


105 

ms 

t15 

XMT duty cycle 


45 


55 

%. 

t20 

Start of receive packet 

Rx± 



500 

ns 


to RxE assert 

Dl± 



200 

ns 

t21 

Start of receive packet 

Rx+ 



1600 

ns 


to RxC active 

D\+ 



1 300 

ns' ^ 

t22 

RxC on time 


45 


900 

ns 

t23 

RxC off time 


45 


... 55 

ns 

t24 

RxD valid before RxC 


45 



ns 

t25 

RxD valid after RxC 


35 



ns 

t26 

RxE assert to RCV assert 




200 

ns 

t27 

RCV blinker pulse period 


95 


105 

ms 

t28 

RCV duty cycle 


45 


55 

% 

t29 

Receive input jitter 

Preamble 



± 12 

ns 



Data 



±18 

ns 

t30 

Receive propagation delay 

Tx± 



160 

ns 



Dl± 



160 

ns 

t31 

RxC to RxE assert 


30 


60 

ns 

t32 

RxC to RxE deassert 


20 


40 

ns 

t33 

RxE deassert to RxC switchover 


100 


200 

ns 

t34 

Minimum SOI pulse width 

Tx± 

180 



ns 


required for receive detection 

Dl± 

180 



ns 

t4Q 

jabber activation delay- 
TxE assert to Tx± disable 


20 


150 

ms 

t41 

Tx± disable to JAB assert 



100 


ns 

t42 

jabber reset time - TxE 
deassert to JAB deassert 


250 


^ , ■ , " ' ' 1 

■ 750 

ms 

t43 

Tx± disable to COL assert 



50 , 


ns 

t44 

Tx± disable to CLS assert 



50 


ns 

t45 

JAB deassert to COL deassert 




50 

ns 

t46 

JAB deassert to CLS deassert 




50 

ns 

tsi' 

Transmit link pulse period 


8 


' 24 " 

ms 
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ELECTRICAL CHARACTERISTICS (Continued) 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

t52 

Minimum link pulse period 
required for receive detection 


2 


7 

ms 

t52 

Maximum link pulse period 
required for receive detection 


25 


150 

ms 

t53 

Receive link pulse no detect 
to LTP deassert 


50 


150 

ms 

t54 

Receive link pulse detect to 

LTP assert 


2 



Link Pulse 

t55 

AUI/TP to AUlSEL delay 




200 

ns 

t60 

TxE deassert to COL assert 


.9 

1.0 

1.1 

ps 

t61 

COL pulse Width 


.9 

1.0 

1.1 

ps 

t70 

Start of RCV packet during 

Rx± 




500 

ns 


transmission to COL assert 

Dl± 




200 

ns 

t71 

Start of RCV packet during 

Rx± 




500 

ns 


transmission to CLS assert 

Dl± 




200 

ns 

t72 

Start of RCV packet during 

Rx± 




600 

ns 


transmission to RxD 
switching from Tx to Rx data 

Dl± 




300 

ns 

t73 

End of RCV packet during 

Rx± 




350 

ns 


transmission to RxD 
switching from Rx to Tx data 

Dl± 




350 

ns 

t74 

End of RCV packet during 

Rx± 




250 

ns 


transmission to COL deassert 

Dl± 




250 

ns 

t75 

CLS blinker pulse period 


95 


105 

ms 

t76 

CLS duty cycle 


45 


55 

% 

t77 

Transmission start during 

Tx± 




200 

ns 


reception to COL assert 

DO± 




200 

ns 

t78 

Transmission start during 

Tx± 




200 

ns 


reception to CLS assert 

DO± 




200 

ns 

t79 

Cl± period 


80 


120 

ns 

t80 

Cl± duty cycle 


40 


60 

% 

t81 

First valid negative CI± 
data transition to COL assert 




100 

ns 

t82 

First valid negative Cl± 
data transition to CLS assert 




100 

ns 

t83 

Last Cl± positive data 
transition to COL deassert 


160 


200 

ns 

t84 

External clock input jitter 




50 

ps 


Note 1 : Absolute maximum ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless otherwise specified are measured with 
respect to ground. 

Note 2: Limits are guaranteed by 100% testing, sampling, or correlation with worst-case test conditions. 

Note 3: Low Duty cycle pulse testing is performed at T^- 
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TIMING DIAGRAMS 
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Figure 1. Transmit System Timing 
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Figure 2. Receive Timing 
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TIMING DIAGRAMS 
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Figure 3. Transmit Timing 




NOTE: 

1. RxC IS NOT CONTINUOUS DURING IDLE 

2. RxC IS CONTINUOUS DURING IDLE 


Figure 4. Receive Timing - Start of Frame 
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TIMING DIAGRAMS 



NOTE: 

1. RxC IS NOT CONTINUOUS DURING IDLE - 8 EXTRA CLOCKS ADDED FOR CS2-0 = 000 

2. RxC IS CONTINUOUS DURING IDLE 


Figure 5. Receive Timing - End of Frame 
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Figure 6. Jabber Timing 
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TIMING DIAGRAMS 
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Figure 8. SQE Test Timing 
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TIMING DIAGRAMS 
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Figure 9. Collision Timing Reception During Transmission 
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Figure 10. Collision Timing Transmission During Reception 


444 MgL Micro Linear 




ML2652 


TIMING DIAGRAMS 


APPLICATION CIRCUIT 


Figure 11. Cl± Collision 
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FUNCTIONAL DESCRIPTION 

GENERAL 

The ML2652 is composed of a transmitter section, receive 
section and some miscellaneous functions. 

The transmit section consists of the manchester encoder, 
AUl, jabber detect, link pulse generator, start of idle (SOI) 
pulse generator, waveform generator, and line driver. The 
purpose of the transmit section is to take data from the 
controller, encode it, and transmit it over either the AUl or 
twisted pair interface. In addition, the transmit section 
generates link pulses, start of idle pulses, and checks for 
jabber condition. The transmitter keeps the data jitter to a 
maximum of ±8.0ns, and the maximum delay through the 
transmission section is less than 2 bits, or 200ns. 

The receive section consists of the manchester decoder, 
collision detect, AUl, receive LRF, receive comparators, 
receive squelch, automatic polarity detect/correct, start of 
idle (SOI) detect, and link pulse detect. The purpose of the 
receive section is to take data from either the twisted pair 
cable or AUl, decode it, then send the data to the 
controller via the controller interface. In addition, the 
receive section detects and automatically corrects for 
reverse polarity, detects link pulses, detects start of idle 
pulses, and implements an intelligent receive squelch 
algorithm. The receive section can successfully lock onto 
an incoming data that contains ±T8ns of jitter in less than 
1.6|is. 

The miscellaneous functions are the controller interface, 
single pin crystal oscillator, AUl, loopback modes, test 
mode, and powerdown mode. 

The following text describes each of these blocks and 
functions in more detail. Refer to the block diagram. 

TRANSMISSION 

The transmit data (NRZ) is first clocked into the device 
through the controller interface. The device can be 
digitally programmed to accommodate any one of five 
standard Ethernet controllers as described in Controller 
section. 

Then the NRZ data is encoded by the manchester encoder 
as shown in transmit timing diagram in Figure 1. 

The manchester encoded data then goes to either the AUl 
or twisted pair interface. The selection of the appropriate 
interface is automatic. If the AUl is selected, the 
manchester encoded data is transmitted out differentially 
on the DO+ and DO- pins, and the twisted pair line 
driver is disabled. If the twisted pair interface is selected, 
the manchester encoded data is transmitted out 
differentially on Tx+ and Tx- pins, and the transmit AUl is 
disabled. 

Refer to the AUl section for details on how the AUl and 
automatic interface selection is accomplished. 

Assuming that the twisted pair interface is selected, the 
Manchester encoded data then goes to the transmit 
waveform generator. The transmit waveform generator 


takes the digital Manchester encoded data and generates a 
waveform. When this waveform is passed through the 
cable model in the 10BASE-T standard (figure 14-7 IEEE 
Std 802.3i-1990) it meets the voltage template (figure 14- 
9 IEEE Std 802.31-1990). 

The transmit waveform generator is cornposed of a 16 x 4 
bit ROM, 4 bit DAC, 3rd order LPF, and clock generator. 
The DAC is used to synthesize a stair-step representation 
of a signal that will meet the required output template. 

The ROM. stores the digital representation of the output 
signal and provides a digital input to the DAC. The ROM 
is addressed by a 16 phase clock generator that is locked 
to the transmit clock TxC. The high frequency content 
present in the output of the DAC is removed by a 3rd 
order continuous LPF which smooths the output. 

Since the output is synthesized by a DAC, the DAC can be 
reprogrammed with metal mask to provide any arbitrary 
output waveform, thus offering the ability to offer custom 
output waveforms and templates. 

The transmit line driver takes the output of the waveform 
generator and converts this voltage to a differential output 
current on Tx-f- and Tx- pins. When one transmit output 
(either Tx+ or Tx-) is sinking current, the other output Is 
high impedance, and vice versa. In this way, a differential 
output voltage is developed by sinking this output current 
through two external 200 ohm terminating resistor and a 
2:1 transformer as shown in Figure 12. 

Setting the external terminating resistors to 200 ohms as 
shown in Figure 12 will implement a 100 ohm terminating 
impedance when looking back through the transformer. If 
other terminating impedances are required (such as 150 
ohm), the terminating resistor values can be adjusted 
accordingly as long as the output current stays within the 
minimum and maximum limits (30-7GmA). 

The absolute value of the output current, and 
subsequently the output voltage level, is set by an external 
resistor between RTX and GND. If RTX = 10k ohms and 
Tx± is terminated as shown in Figure 12, the output level 
is±2.5V which meets 802.31-1990 differential output 
voltage requirements. If a different output currenl/voltage 
level is desired, the level can be changed by changing the 
value of RTX according to the following formula: 

RTX = K*Vb/lout 

= 125Mv/50mA 

RTX=10kQ 

When data is being transmitted (and there is no collision 
or link pulse fail condition), the transmit data is looped 
back to the receive path, and the Manchester decoder will 
lock onto the transmit data stream. 

After data transmission is completed, the transmitter sends 
a start of idle (SOI) pulse to signal the end of a packet. 
During the idle period, Tx+ and Tx- are held low. 
Occasionally, link pulses are transmitted during the idle 
period. 
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The XMT pin is an output that indicates transmit activity. 
The pin consists of an open drain output with an internal 
pull-up resistor and can drive an LED from VCC or 
anoth er digital input. In order to make an LED visible, 

XMT has an internal blinker circuit that generates a 100ms 
blink (50ms high, 50ms low) that is triggered when a 
trans-mission starts. At the completion of the 100ms blink 
period, if a transmission is in progress, another 100ms 
blink is generated. 

RECEPTION 

The twisted pair receive data is typically transformer 
coupled and terminated with an external resistor as shown 
in Figure 12. 

The output of the transformer Is then applied to the device 
input pins Rx+ and Rx-. The input is differential, and the 
common mode input voltage is biased to VCC/2 by two 
internal 10K bias resistors from Rx-t-, Rx-to VCC/2. 

The Rx-t- and Rx- inputs then go to the receive filter. The 
receive filter is a continuous 3rd order LPF and has the 
following characteristics: 

1. 3 dB cut-off frequency 15 MHz 

2. Insertion Loss (5-10 MHz) 1.0 dB 

3. 30 MHz attenuation 17.5 dB min. 

The output of the filter goes to the receive comparators. 
There are two receive comparators inside the chip, 
threshold and zero crossing, the threshold comparator 
determines if the receive data is valid by checking the 
input signal level against a predetermined positive and 
negative squelch level. Once the threshold comparator 
determines that valid data is being received, the zero 
crossing comparator senses zero crossings to determine 
data transitions. Both comparators are fast enough to 
respond to 12ns pulse widths with minimum squelch 
overdrive. 

The receive squelch circuit determines when data on 
incoming Rx-i-, Rx- is valid. The receive squelch is 
considered "on" when the data is deemed to be invalid, 
and the receive squelch is considered "off" when data is 
determined to be valid. 

The input signal must meet the following criteria in order 
to turn receive squelch off and be recognized as valid 
data: 

1. The input signal must exceed the receive squelch 
on level. When this occurs, a 400ns squelch interval 
timer is started. 

2. During the 400ns squelch interval, the input 
signal must go from one squelch threshold to the 
opposite polarity squelch threshold in less than 
127ns. 

3. During the 400ns squelch interval, the input 
signal has to make less than 9 squelch threshold to 
opposite polarity squelch threshold crossings. 

When the receive squelch is turned off, the receive squelch 
off level is reduced to 2/3 of receive squelch on level. 


The receive squelch will be turned back on if either the 
incoming data peaks go below the receive squelch off 
level for 400ns or the start of idle (SOI) pulse is detected. 

The receive squelch on level can be digitally programmed 
for one of two possible levels by using the RSL pin. When 
RSL = 1, the squelch on level complies with the IEEE 
802.3i-1990 specification. When RSL = 0, the receive 
squelch on level is lowered in order to accommodate 
greater receive attenuation and consequently longer 
twisted pair cable lengths. The receive squelch on level 
can be programmed as follows: 


Receive Squelch On Level 


RSL 

Application 

Min 

Typ Max 

1 

lOBASE-T 

300 

585mV 

0 

Long Distance 

200 

390mV 


The RCV pin is an output that indicates receive activity. 
The pin consists of an open drain output with an internal 
pull-up resistor and can drive an LED from VCC or 
anoth er digital input. In order to make an LED visible, 

RCV has an internal blinker circuit that generates a 100ms 
blink (50ms high, 50ms low) that is triggered when 
reception starts. At the completion of the 100ms blink 
period, if reception is in progress, another 100ms blink is 
generated. 

The manchester decoder receives data from either the 
twisted pair interface (as described above) or the AUl 
(described in AUl section). 

The manchester decoder is responsible for recovering 
clock and data from the incoming receive bit stream. 

Clock and data recovery is accomplished by a digital PLL 
which can lock on the incoming bit stream in less than 
1.6ps. 

The clock (RxC) and NRZ data (RxD) are then output to 
the external world via the controller interface. 

SOI 

A start of idle (SOI) pulse is sent at the end of transmission 
in order to signal to all receivers that transmission has 
ended and the idle period begins. Thus, the transmit 
section has an SOI generator and the receive section has 
an SOI detector. 

The transmit SOI pulse generator inserts an SOI pulse at 
the end of each transmission. The SOI pulse is typically a 
250ns positive pulse inserted after the last positive data 
transition. Depending on the data pattern, the positive 
data transition could occur either in the middle or at the 
end of the last bit cell. So the actual width of the 
transmitted SOI pulse can vary from 250-300ns, typically. 

The receive SOI detector senses the SOI pulse using the 
zero crossing comparator. When the SOI pulse is detected, 
the receiver signals to the controller that receive data is no 
longer valid and turns the receive squelch on. 
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LINK PULSE 

During the idle period, link pulses are sent by the 
transmitter and detected by the receiver so that the 
integrity of the twisted pair link can be continuously 
monitored. Thus,, the transmit section has a link pulse 
generator, and the receiver has a link pulse detector. 

The transmit link pujse generator transmits a 100ns wide 
positive pulse (Txt high, Tx- low) every 16 ±8ms. 

IEEE 802.31-1990 Section 14 requires the link pulse to be 
shaped to meet a template when passed or not passed 
through the twisted pair line model. The transmit 
waveform generator takes the link pulse and generates the 
waveform on TX± when passed or not passed through the 
twisted pair line model. 

The receiver monitors the receive input to determine if the 
link pulses are present. When the device is in the link 
pulse pass state, normal packet transmission and reception 
can Occur. All link pulses less than,2-7ms apart are 
ignored while In the link pass state. If no link pulses or 
receive packets are detected for a period of 50-150ms, 
the device goes into the link pulse fail state. 

When the device is in the link pulse fail state, reception is 
inhibited and the transmitter Is placed in the idle state (no 
data transmission but link pulses are still transmitted). In 
order for the device to exit the link pulse fail state, one 
complete packet or 4 consecutive link pulses must be 
detected, and transmit and receive must be idle. 
Consecutive link pulses are defined as pulses that occur 
within 25-150ms of each other. If the link pulses occur 
2-7ms apart in the link fail state, the device ignores the 
link pulses and resets the number of consecutive link 
pulses to zero. After the link pulse fail state Is exited, 
transmission and reception can be resumed. 

Link pulse status is indicated by the LTP pin. LTP is a dual 
function input/output pin that acts both as an active low 
link test pass output and a link test disable input. The pin 
consists of an open drain output with an internal pull-up 
resistor. If the pin is tied to GND, the pin acts as an input 
and the link test function is disabled. If the pin is not tied 
to GND, the pin acts as ari active low link test pass Output 
and can drive an LED from VCC or another digital output. 
Thus, the LED is lit when the link test is passing. 

JABBER 

The transmit section contains a jabber detect circuit, 
jabber* is a fault condition characterized by a babbling 
transmitter. The ML2652 detects jabber when a 
transmission packet exceeds 20-150ms in length. If jabber 
detect occurs, the transmit output is disabled, the collision 
sign al COL is sent over the controller interface, and the 
JAB pin is pulled low. The device remains in the jabber 
detect state until there is at least 250-750ms of 
continuous non-transmission. Note that link pulses 
continue to be transmitted even when the device is in the 
jabber condition. 

The jabber detection circuitry can be disabled with the 
JABDIS pin for testing and diagnostic purposes. Disabling 


jabber means that a jabber condition is never recognized, 
even when it occurs. JABDIS is an active high jabber 
disable input and has an internal pull-down resistor to 
GND. ' 

COLLISION 

Collision'occurs whenever the DTE card is transmitting 
and receiving data simultaneously. However, the collision 
circuit on the ML2652 operates differently depending on 
whether twisted pair interface or AUl is being used.. 

When the twisted pair interface is used, collision occurs 
whenever the device is transmitting and receiving data 
simultaneously, that is when both RxE and TxE a re active. 
The collision state is indicated by COL and CLS pins. COL 
is used to signal collisi on to the controller. CLS is an active 
low open drain output. CLS is activated during Jabber, but 
not during SQE test while COL is activated during both. 

When the AUl is used, collision is no longer detected from 
simultaneous transmission and reception, but the collision 
state Is determined when a collision signal is present on 
the AUl collision inputs, CI+ and CI-. A 10 MHz square 
wsive has to be applied to this input in o rder for the device 
to signal the collision state on COL and CLS. 

The CLS pin is an output that indicates collision activity. 
The pin consists of an open drain output with an internal 

pull-up resistor and can drive an LED from VCC or _ 

another digital input. I n order to make an LED visible, CLS 
has an internal blinker circuit that generates a 100ms blink 
(50ms high, 50ms low) that is triggered when a collision 
starts, At the completion of the 100ms blink period, if 
collisidn is in progress, another 100ms blink is generated. 

SQE TEST 

When the twisted pair interface is,,used, the device tests 
the collision circuitry at the end of each transmission by 
sending a Ips collision pulse over the COL pin. This is 
known as SQE (signal quality error) test and is shown in 
the transmit timing diagram in Figured . The SQE test is 
disabled If the device Is in jabber detect state or link pulse 
fail condition. 

When AUl is used, the SQE test pulse is generated by an 
external MAU and the external MAU sends the SQE test 
pulse to the ML2652 via the collision inputs , Ci+ and CI-. 
The ML2652 then relays th e co llision signal to the 
controller via the COL and CLS output pins. 

RECEIVE POLARITY DETECT AND AUTO CORRECTION 

The ML2652 contains an auto-polarity circuit that detects 
the polarity of the receive twisted pair leads, Rx+ and RX- 
and internally reverses the leads if their polarity is 
incorrect. ^ 

When the device is powered up, it is assumed that the 
polarity is correct and no polarity correction occurs. Then 
receive polarity is continuously monitored by checking 
the polarity of the SOI and link pulses since they are 
always positive pulses. If either 2 consecutive SOI or 4 
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consecutive link pulses have incorrect RX± polarity, then 
the auto-polarity circuit internally reverses the Rx+ and 
Rx- connections. 

RPOL is a dual function input/output pin that acts both as 
an active low receive polarity status output and an auto- 
polarity circuit enable input. The pin consists of an open 
drain output with an internal pull-up resistor. If the pin is 
tied to GND, the pin acts as an input and the receive 
auto-polarity circuit is enabled. If the pin is not tied to 
GND, the pin acts as an active low receive polarity status 
output and can drive an LED from VCC or another digital 
output. 

AUl 

The ML2652 can be used with an external MAU via the 
Attachment Unit Interface (AUl). When the AUl is used, 
the internal MAU functions and twisted pair interface are 
disabled, and the device only uses the manchester 
encoder and decoder functions, as shown in the block 
diagram. The AUl consists of three differential signal pairs: 
Dl, DO, and Cl. The function of each pair is described 
below. 

The DO-i- and DO- are differential outputs to the external 
MAU which contain the transmit data output from the 
Manchester encoder. The DO+ and DO- output drivers 
are capable of driving 50 meters of 78 ohm cable with 
less than 5ns rise and fall time and less than ±0.5ns of 
jitter. In addition, at the end of transmission, the AUl 
output driver inserts a 200ns minimum pulse and meets 
the turnoff and idle characteristics specified in IEEE 802.3- 
1988. An external 78 ohm resistor across DO+ and DO- 
is required as shown in Figure 12 to develop the proper 
output levels from the internal current sources. The DO-i- 
and DO- outputs can be coupled to an external MAU 
with either capacitors or a transformer. The ML2652 meets 
all AUl transmitter specifications outlined in IEEE 802.3- 
1988 Section 7. 

DI+ and Dl- are inputs from the external MAU which 
contain the receive data that goes to the manchester 
decoder. 

The Dl-i- and Dl- inputs contain an AUl Dl squelch circuit 
which determines when incoming data on DI+ and Dl- is 
valid. The Dl squelch is considered "on" when the data is 
deemed to be invalid, and the Dl squelch is considered 
"off" when data is determined to be valid. 

The input signal on DI+ and Dl- must meet the following 
criteria in order to turn receive squelch off and be 
recognized as valid data: 

1. The input signal must exceed the negative AUl Dl 
squelch on level. 

2. The input signal must exceed the negative AUl Dl 
squelch on level for more than 20ns. 

When the Dl squelch is turned off, the Dl squelch off level 
is reduced to 2/3 of the Dl squelch on level. 

The Dl squelch circuit will be turned back on if the Idle 
period is detected by no Dl squelch level transitions for 
more than 180ns. 


An external 78 ohm termination resistor is needed across 
DI+ and Dl- as shown in Figure 12. The Dl-i- and Dl- 
Inputs can be coupled from an external MAU into the 
ML2652 with either capacitors or a transformer. The 
ML2652 meets all AUl receiver specifications outlined in 
IEEE 802.3-1988 Section 7. 

Cl-i- and Cl- are inputs from the external MAU which 
contain the 10 MHz ± 15% collision signal as defined in 
IEEE 802.3-1988 Section 7. The C1+ and Cl- inputs 
contain the same squelch circuit used on the Dl inputs 
described in previous paragraphs in this section. 

An external 78 ohm termination resistor is needed across 
CI+ and Cl- as shown in Figure 12. The Cl-i- and Cl- 
inputs can be coupled from an external MAU into the 
ML2652 with either capacitors (shown in Figure 12) or a 
transformer. The ML2652 meets all AUl receiver 
specifications outlined in IEEE 802.3-1988 Section 7. 

The ML2652 contains an AUI^P select input pin which 
controls whether the AUl or twisted pair interface is to be 
used for data transmission and reception. When AUl/ 
Twisted Pair Switching = High, the AUl is used for data 
transmission and reception. When AUl^Twisted Pair 
Switching = Low, the twisted pair interface is used for data 
transmission and reception. 

The AUlSEL pin is a digital status output that indicates 
which interface has been selected for data transfer, either 
twisted pair or AUl. The pin consists of an open drain 
output with an internal pull-up resistor and can drive an 
LED from VCC or another digital input. AUlSEL = High 
indicates that the twisted pair interface has been selected. 
AUlSEL = Low indicates that the AUl interface has been 
selected. 

The ML2652 has the capability to automatically select 
between the twisted pair interface and AUl. This 
auto matic interface selection is accomplished by tying the 
LTP output pin to the AUl/TP input pin. When these two 
pins are connected together, if valid link pulses are 
detected, it is assumed t hat t he twisted pair interface is 
being used. This causes LTP output to go low, thus forcing 
AUICTP low, and thus enabling the twisted pair interface. If 
no valid link pulses are detected, it is assumed that t he 
twisted pair interface is not being used, thus causing LTP 
to go high, thus forcing AUl/TP high, thus enabling the 
AUl interface. If valid link pulses reappear, the device will 
automatically disable the AUl and enable the twisted pair 
interface. The algorithm for determining valid link pulses 
is described in the Link Pulse section. 

LOOPBACK 

There are two pins on the ML2652 which provide 
loopback diagnostic features, LBKDIS and LPBK. 

LPBK provides a loopback through the manchester 
encoder/decoder, but not through the on-chip 10BASE-T 
MAU. No data will go out on either the AUl port or the 
twisted pair port in this mode. This same function is found 
on many discrete manchester encoder/decoders. 
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IEEE 802.3 MAUs normally loop the transmit data (DO+) 
when transmitting with no collisions. When using an 
external transceiver through the ML2652's AUl port, the 
controller can first check the local loopback by setting 
LPBK. If it passes this test it can; then check the AUl cable 
and external MALI by doing the normal MAU loopback. 

LBKDIS disables the on-chip TOBASE-T MAU loopback. 
This allows the user to attach a special RJr45 connector 
that loops back the transmit twisted pair to the receive 
twisted pair. This test checks the entire interface out 
through the connector. When LBKDIS is activated (High), 
collision detection is disabled so that the ML2652 can 
transmit and receive in full duplex without collisions. 

CONTROLLER INTERFACE 

The ML2652 has a flexible and programmable digital 
interface which enables it to directly interface to Ethernet 
controllers manufactured by Intel, AMD, National, Seeq, 
and Fujitsu. 

The controller interface consists of seven pins. TxC, TxD, 
and TxE are the transmit clock putput, transmit data input, 
and transmit data enable input, respectively. RxC, RxD, 
and RxE are the receive clock output, receive data output, 
and receive data enable output, respectively. COL is the 
collision detect output. 

All the standard Ethernet controllers use a similar 
controller interface but differ in the polarity of COL, LPBK, 
TxE and RxE, differ in what edge of TxC and RxC that 
clocks in the data, differ on whether the RxC clock needs 
to be continuous or not during idle, and differ on whether 
polarity of RxD during idle. In order to accommodate the 
different controller interface definitions, the controller 
select pins, CS2~0, modify these signals according to the 
Table 1. 


POWERDOWN 

The device can be placed in the power down mode with 
the controller select pins CS2-0 as described in Table 1. 
When in powerdown mode, the current consumption is 
reduced to less than 10OpA and all device functions are 
disabled. , 

CRYSTAL OSCILLATOR 

The ML2652 requires an accurate 20 MHz reference for 
internal clock generation. This can be achieved by 
connecting an external crystal or an external clock 
between the CLK and GND pins. 

If an external clock is used, it must have a frequency oL 
20 MHz ±0.01 % and have high and low levels of 3.5 and 
1.5 volts. 

If a crystal is used, the crystaf should be placed physically 
as close as possible to the CLK and GND pins, especially 
CLK. No other external capacitors or components are 
required. The crystaTshould have the following 
characteristics: 

1. Parallel resonant type 

2. Frequency: 20 MHz 

3. Tolerance: ±0.005% @ 25^C 

4. Less than 0.005% frequency drift across 
temperature. 

5. Maximum equiv. series resistance: 

15 ohms @ 1-200pW 

30 ohms @ O.OT-TpW 

6. Typical load capacitance: 20pF 

7. Maximum case capacitance: 5pF 


Table 1. Controller Select Pin Definitions 



r = rising edge clocks data h = active’high c = RxC required continuously 

f = falling edge clocks data I = active low n = RxC only during RxD transmission 

m = RxC only during RxD transmission + 5 extra RxC cycles 


ORDERING INFORMATION 
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Data Quantizer 


GENERAL DESCRIPTION 

The ML4621 Data Quantizers is a low noise, wideband, 
bipolar monolithic ICs designed specifically for signal 
recovery applications in fiberoptic receiver systems. It 
contains a two stage wideband limiting amplifier which 
is capable of accepting an input signal as low as 2mV 
with a 55dB dynamic range, this high level of 
sensitivity is achieved by using a DC restoration 
feedback loop which nulls any offset voltage produced 
in the limiting amplifier. 

The output stage is a high speed comparator circuit 
with both TTL and ECL outputs. An enable pin is 
included for added control. 

The Minimum Signal Discriminator circuit provides a 
Link Monitor function with a user selectable reference 
voltage. This circuit monitors the peaks of the Input 
signal and provides a logic level output indicating 
when the input falls below an acceptable level. This 
output can be used to disable the Quantizer and/or 
drive an LED, providing a visible link status. 


FEATURES 

■ 50MHz minimum bandwidth for data rates 
of up to lOOMBd 

■ Can be powered by either +5V providing TTL level 
outputs or -5.2V providing ECL levels 

■ Low noise design: 

25/iV RMS over 50MHz noise bandwidth 

■ Adjustable Link Monitor function 

■ Wide 55dB input dynamic range 

■ 10ns minimum input pulse 

■ Available in a 24-pin Skinny DIP and 28-pin PLCC 

APPLICATIONS 

■ IEEE 802.3 FOIRL Receiver 

■ IEEE 802.5 4 and 16 Mbps Fiber Optic Token Ring 

■ IEEE 802.4 Fiber Optic Token Bus 

■ Fiber Optic Data Communications and 
Telecommunications Receivers 
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PIN GONNECTIONS 

ML4621 

24-Pm Skinny DIP 


ECL LINK MON [ 

-c 

1 

y— 

24 

XJl LINK MON [ 

2 

23 

CMP ENABLE [ 

3 

.22 

V|N+ [ 

4 

21 

V|N- [ 

5 

20 

Vdc [ 

6 

19 

CF2 [ 

7 

18 

CF1 [ 

8 

17 

VOUT- [ 

9 

16 

VouT+ [ 

10 

15 

CMP+ [ 

11 

14 

CMP- [ 

12 

13 


Vcc 

•nom 

ISET 

CPEAK 

Vref 

VthADI 

GND 

Til OUT 

Vcc ttl 

GND TTL 

ECL+ 

ECL- 


ML4621 
28-Pm PCC 


TTL LINK MON 


VlN- [ 
VtN+ [ 
NC [ 
Vdc 
CF2 P 
CF1 
VOUT- 


CMP ENABLE 
NC^ 

A 

5 

6 
7 


EGL LINK MON 
/ Inom 
/vc 


I Vcc I ISET 


1 28 27 26 


lit 


12 13 14 15 16 17 18 


25 ] NC 
] Creak 
] Vref 
VthADJ 
GND 
TTL OUT 
Vcc TTL 


|CMP+| NC I ECL+^ 
VoUT+ CMP- ECL- GND TTL 


TOP VIEW 
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PIN DESCRIPTION 


NAME 

FUNCTION 

ECL LINK MON 

ECL Link Monitor output. Signal is 
low when the V|n+, V|n- inputs 
exceed the minimum threshold, 
which is set by a voltage on the 
VjhADJ pin. Signal Is high when 
the input signal level is below the 
threshold. 

TTL LINK MON 

TTL Link Monitor output. Same 
logic function as ECL LINK MON. 
Capable of driving a 10mA LED 
indicator. This pin normally tied to 
CMP ENABLE. 

CMP ENABLE 

A low voltage at this TTL input 
pin enables both the ECL and the 
TTL outputs. A high TTL voltage 
disables the comparator output 
with ECL+ high, ECL- low, and TTL 
OUT high. 

V|N- 

This input pin should be 
capacitively coupled to the input 
source or to ground. (The input 
resistance is approximately 8kQ.) 

V,N+ 

This input pin should be 
capacitively coupled to the input 
source or to ground. (The input 
resistance is approximately 8kQ.) 

CMP- 

This comparator input pin is an 
open base configuration which 
relies on the DC bias of the 
amplifier output to establish the 
proper DC operating voltage. This 
voltage should be reestablished if 
filtering is implemented between 
Vqut- and CMP-. 

ECL- 

The ECL comparator negative 
output. 

ECL+ 

The ECL comparator positive 
output. 

GND TTL 

The negative supply for the TTL 
comparator stage. If the TTL 
output is not necessary, connect 
GND TTL and Vcc TTL to Vcc- 

Vcc TTL 

The positive supply for the TTL 
comparator stage. If the TTL 
output is not necessary, connect 
GND TTL and Vcc TTL to Vcc 

TTL OUT 

TTL data output. (Totem pole type 
output stage.) 


NAME FUNCTION 


Vdc 

An external capacitor on this pin 
integrates an error signal which 
nulls the offset of the input 
amplifier. If the DC feedback loop 
is not being used, this pin should 
be connected to Vref- 

CF2 

A capacitor from this pin to 
ground controls the maximum 
bandwidth of the amplifier to 
accommodate lower operating 
frequencies. 

CFI 

The capacitor on this pin should 
match the one on CF2. 

Vqut- 

The negative output of the 
amplifier, which Is normally tied to 
CMP-. 

VoUT+ 

The positive output of the 
amplifier, which Is normally tied to 
CMP+. 

CMP+ 

This comparator input pin is an 
open base configuration which 
relies on the DC bias of the 
amplifier output to establish the 
proper DC operating voltage. This 
voltage should be reestablished If 
filtering Is Implemented between 
VouT"*" CMP+. 

GND 

Negative supply. Connect to -5.2V 
for ECL operation, or to ground 
for TTL operation. 

VthADJ 

This input pin sets the minimum 
amplitude of the input signal 
required to cause the link 
monitors to go low. 

Vref 

A 2.5V reference with respect to 
GND. 

Creak 

A capacitor from this pin to 
ground determines the Link 
Monitor response time. 

ISET 

Current into an internal diode 
connected between this pin and 
GND is turned around and pulled 
from Creak- This pin Is normally 
connected to Inom- 

^NOM 

Sets a current of approx. 125/iA 
when connected to Iset- 

Vcc 

Positive supply. Connect to 
ground for ECL operation, or to 

5V for TTL operation. 
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ABSOLUTE MAXIMUM RATINGS 

Vcc - GND .. -0.3 to +70 

Vcc TTL - GND TTL ........ -0.3 to +7.0 

Inputs/Output GND ......... -0.3 to Wqq +0.3 

Storage Temperature Range . -65®G to +150®C 

Lead Temperature (Soldering 10 sec.) ... +26()°C 


ML462r ELECTRICAL CHARACTERISTICS 

Over recommended operating conditions of Ta = 0®C to 70°C, Vcc “ 5V ± 5%, GND » OV unless otherwise noted. 


SYMBOL 

PARAMETER 

MIN 

TYP 

MAX 

UNITS 

CONDITIONS 

Icci 

Vcc Supply Current 


65 

100 

mA 

Vcc ■n'L = GND TTL = Vcc 

ICC2 

Vcc Supply Current 
(ITL Out Enabled) 


70 

110 

mA 

Vcc 1~EL = Vcc 

GND TTL = GND 

•vref 

Vref Output Current 

-5.0 


0.5 

mA 


Vref 

Reference Voltage 

2.40 

2.55 

2.65 

V 


Ay 

Amplifier Gain A1 A2 


75 


V/V 

V|N = 5mV 

V,N: 

Inpyt Signal Range 

2 


1400 

mVp_p 


VthADJ 
Range , 

External Voltage at VjhADJ 
to set VjH v : , 

1 


2.5 

V 

I , ' .' ■ . ■ 

Vos 

Input Offset 


3 


mV 

Vdc = Vref (DC loop Inactive) 

En 

Input Referred Noise 


25 


//V 

50MHz BW 

BW 

3dB Bandvyidth 

50 

65 


MHz 


V|N PW 

Min Input Pulsewidth 


10 


ns 


I^IN 

input Resistance 


8 


kQ 

< 

z 

.+ 

< 

z 

tpQ AMP 

Amplifier Propagation Delay 

4 


i 8 ' 

, ns- 

Frorn V|n+, Vpsj- to Vout"^/ Vqut- 
V|N “ 10mVp_p 

tpD ecl 

ECL Comparator Propagation Delay 

4 ■, 


8 

ns 

From CMP+, CMP- to ECL+, ECL- 
V|fs| = 10rnVp_p 

tpQ TTL 

TTL Comparator Propagation Delay 

4 


8 

ns 

From ECL+, ECL- tO TTL OUT 

V|fvj = 10mVp_p 

■^VihADJ 

Input Resistance of VjhADJ 


6.8 


kfi 


'VoUT 

Output Current of Vout'^ and Vout“ 



3 

mA 


ICMP 

Leakage Current of CMP+ and CMP- 


25 


M 


VCMcmp 

Common Mode Range of 

CMP+ and CMP- 

GND + 2.0 


Vcc “ 10 

V 


ECLVoh 

Output High Voltage at ECL+, ECL- 

3.90 


4.30 

V 

With 2000 load tied to Vcc - 2V 

Ta = 25®C 

ECL Vql 

Output Low Voltage at ECL+, ECL- 

3.11 


3.38 

V 'i 

With 2000 load tied to Vcc - 2V 

Ta = 25®C 

Ay ECL 

ECL CMP Cain 


100 

■ 

V/V 


TTL VoH 


2.4 



' V'. 

VccTTL = 5V, loH "-50M 

TTLVol 




0.4 

V 

Vcc TTL = 5y, loL = 2mA 

TTL V,h 

'■ ■ ■ ■ ' ■' ' I 

2.0 



V 


TTLV,l 




0.8 

V 


TTL 1,H 


-50 


50 

M 

V|H = 2.4V 

TTLI.l 


-1.6 


0 

mA 

V|H = 0.4V 

Inom 



125 


M 

Inom “ Iset 


Absolute maximum ratings are those values beyond which the 
device could be permanently damaged. Absolute maximum ratings 
are stress ratings only and functional device operation is not 
implied. 
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FUNCTIONAL DESCRIPTION 


AMPLIFIER 

The Quantizer has a two stage limiting amplifier with 
an input common mode range of (GND + 1.8V) to 
(Vcc - 1.5V). Maximum sensitivity is achieved through 
the use of a DC restoration feedback loop and AC 
coupling the input. When AC coupled, the input DC 
bias voltage is set by an on-chip network at about 1.9V. 
These coupling capacitors, in conjunction with the 
input impedance of the amplifier, establish a high pass 
filter with a 3dB corner frequency, iy at 
1 

fi = - - (1 

In 8000 C 


Since the amplifier has a differential input, two 
capacitors of equal value are required. If the signal 
driving the input is single ended, one of the coupling 
capacitors can be tied to Vqq as shown in figure 1. The 
high corner frequency can also be adjusted by 
attaching capacitors to CF1 and CF2. The equation for 
adjusting this corner is 


fH = 


1 

In 425 C 


( 2 ) 


Although the input is AC coupled, the offset voltage 
within the amplifier will be present at the amplifier's 
output. This is represented by Vqs in figure 2. In order 
to reduce this error a DC feedback loop is 
incorporated. This negative feedback loop nulls the 
offset voltage, forcing Vqs tp be zero. An external 
capacitor at Vqc is used to store the offset voltage. 
Although the value of this capacitor is non-critical, the 
pole it creates can effect the stability of the feedback 
loop. To avoid stability problems using the ML46ll, the 


VoUT+ 


VOUT- 


Figure 2. 

value of this capacitor should be at least 100 times 
smaller than the input coupling capacitors. 

On the ML4621, the output of the amplifier is isolated 
from the comparator and made available to the user. 
This allows the user to add circuitry between the 
amplifier and the comparator for wave shaping and 
other signal conditioning as desired. 

COMPARATOR 

Two types of comparators are employed In the output 
section of these Quantizers. The high speed ECL 
comparator is used to provide the ECL level outputs 
and in turn d rives the TTL comparator. The enable pin, 
CMP ENABLE, is pr ovided to con trol the ECL 
comparator. When CMP ENABLE Is low the comparators 
function normally. When it's high, it forces ECL+ high, 
ECL- low, and TTL OUT high. The CMP ENABLE pin 
can be controlled with TTL level signals when the 
Quantizer is powered by 5V and ground. 




Figure 1. The ML4621 Configured for 20MHz Bandwidth with TTL Output 
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LINK MONITOR 


This function is implemented by the Minimum Signal 
Discriminator and the Threshold Generator circuits. The 
purpose of this function is to monitor the input signal 
and provide a status signal indicating when the input 
falls below a preset voltage level. This is done by peak 
detecting the output of the amplifier section and 
comparing this level with the voltage at VjhADJ. 

The equation which determines the droop rate of the 
peak detector is 


dV ^ IlSET 

dt C 


(3) 


In this equation C is the peak capacitor at Cpeak- On 
the ML4621 the droop rate of the peak detector can be 
adjusted two ways: 

1) By adjusting the value of the peak capacitor at Cpeak* 

2) By adjusting the charge current into the peak 
capacitor at Iset* 


The charge current, (iset/ can be controlled externally 
by connecting a resistor, Rext/ between I iset and Vcc* 
•iset will then be 


Vcc - Q>7 
Rext + 1700 


(4) 


For convenience, an on-chip current source of 125 a/A is 

available by connecting ItvioM fo Iset* 


The Threshold Generator level shifts the reference 
voltage at VthADJ through a circuit which has a 
temperature coefficient matching that of the limiting 
amplifier. The relationship between VjhADJ and Vjh 
(the minimum peak voltage at the input which will 
trigger the Link Monitor) is: 


VjhADJ = eOOVjH + 0.7 


(5) 


The on-chip reference voltage, Vref/ can be tied 
directly to VjhADJ to set the threshold level. This will 
set the minimum Input signal on the ML4621 at about 
3mV (peak). 

A lower threshold level can be set by dividing down 
Vref with a resistor string, as In figure 3. 


Ri 


R2 


Vref 



I »FF I 

I VthADJ 



I.,,,.:, j 

THRESH 




GEN 


L . , 



Figure 3. 

Since the ML4621 has a relatively low Input impedance 
of 6.8K and is offset by one diode drop, the equation 
which accounts for the load and offset is: 


VjhADJ = 


R2(680QVref + Q.7Ri) 
6800(R'| + R 2 ) + R'|R2 


( 8 ) 


THRESHOLD ADJUSTMENT EXAMPLE 

If you are using the ML4621 and you want the Link 
Monitor to trigger when the received optical power 
goes below 1//W (-30dBm), you first need to calculate 
the resultant voltage at V||si+ and Vin- If you are using 
the Hewlett-Packard HFBR-24X6 Fiberoptic Receiver with 
a responsitivity of 8rnV///W, the peak-to-peak voltage 
would be: 

1//Vy X 8mV///W = 8mVp_p (9) 

So the Link Monitor should trigger at some point 
slightly lower than 4mV peak, say 3mV. Setting Vjh in 
equation 5 to 3mV and solving for VjhADJ yields: 

VjhADJ = 600(.003) + 0.7 = 2.5V 


This is a convenient value since the reference voltage 
supplied by the Quantizer, Vref, is 2.5V. 


The Link Monitor has about 0.4mV (peak) hysteresis 
built-in. More hyst eresis can be ind uced by connecting 
a resistor between TTL LINK MON and VjhADJ creating 
a positive feedback loop. 

Refer to Micro Linear's Application Note 6 for more 
detail. 


ORDERING information 


PART NUMBER 

TEMPERATURE ! 

RANGE 

PACKAGE 

ML4621CP 

0°Cto+70'*C 

Molded DIP (P24N) 

ML4621CQ 

0°C to +70°C 

MOLDED PCC (Q28) 
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ML4622, ML4624 
Fiber Optic Data Quantizer 


FEATURES 


GENERAL DESCRIPTION 

The ML4622 and ML4624 Data Quantizers are low noise, 
wideband, bipolar monolithic ICs designed specifically for 
signal recovery applications in fiberoptic receiver systems. 
They contain a wideband limiting amplifier which is 
capable of accepting an input signal as low as 2mVp.p 
with a 55dB dynamic range. This high level of sensitivity 
is achieved by using a DC restoration feedback loop 
which nulls any offset voltage produced in the limiting 
amplifier. 

The output stage is a high speed comparator circuit with 
both TTL and ECL outputs. An enable pin Is included for 
added control. 

The Link Detect circuit provides a Link Monitor function 
with a user selectable reference voltage. This circuit 
monitors the peaks of the input signal and provides a 
logic level output indicating when the input falls below 
an acceptable level. This output can be used to disable 
the Quantizer and/or drive an LED, providing a visible 
link status. 


ML4622/ML4624 BLOCK DIAGRAM 


■ Data rates up to 40MHz or 80MBd 

■ Can be powered by either +5V providing TTL or raised 
ECL level outputs or -5.2V providing ECL levels 

■ Low noise design: 25pV RMS over bandwidth 

■ Adjustable Link Monitor function with hystersis 

■ Wide 55dB input dynamic range 

■ Low power design 

■ Available in 16-pin SOIC (Narrow) or DIP (ML4622), 
24-pin Skinny DIP (ML4624) and 28-pin PCC(ML4624) 

■ ML4624 is pin compatible with the ML4621 


APPLICATIONS 

■ IEEE 802.3 FOIRL, 10BASE-F Receiver 

■ IEEE 802.5 4 and 16 Mbps Fiber Optic Token Ring 

■ Fiber Optic Data Communications and 
Telecommunications Receivers 


CF1 CF2 


ECL+ ECL- 


V|N+ 

ViN- 


VdC 


Vref 


VthADI 



Ctimer 


*ML4624 ONLY 
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ML4622, ML4624 


PIN CONNECTIONS 


ML4622 
16-Pin DIP or 
SOIG (Narrow) 


TTL LINK MON 
GND 
V|N- 
VlN+ 
Vdc 
CF 2 
CFl 
GND TTL 


U CMP ENABLE 
1 VthADJ 
1 Vref 
H Ctimer 
H Vcc 
H TTL OUT 
H ECL+ 

H ECL- 


G t 
G2 

G3 

G4 

Gs 

Ge 

G7 

Gb 


t6 

15 

14 

13 

12 

11 

10 

9| 


TOP VIEW 


ML4624 

24-Pin Skinny DIP 



ML4624 
28-Pin PCC 


CMP ENABLE TTL LINK MON 

NC i \ NC Vgc NC NC 
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NC 

Ctimer 
Vref 
VthAD} 
GND 
TTL OUT 
Vcc TTL 








PIN DESCRIPTION 


ML4622, ML4624 


NAME 

TTL LINK MON 


CMP ENABLE 


VlN- 


ViN+ 


ECL- 


ECL+ 


GND TTL 


FUNCTION 


NAME 


TTL Link Monitor output. Signal is 
low when the Vits|+, Vim- inputs 
exceed the minimum threshold, 
which is set by a voltage on the 
VjhADJ pin. Signal is high when the 
input signal level is below the 
threshold. Capable of driving a 10mA 
LED indicator. This pin can be tied to 
CMP ENABLE. 

A low voltage at this TTL input pin 
enables both the ECL and the TTL 
outputs. A high TTL voltage disables 
the comparator output with ECL+ 
high, ECL- low, and TTL OUT high. 

This input pin should be capacitively 
coupled to the input source or to 
filtered ground (note 5). (The input 
resistance is approximately 1.6KQ.) 

This input pin should be capacitively 
coupled to the input source or to 
filtered ground (note 5). (The input 
resistance is approximately 1.6Kil.) 

The ECL comparator negative output. 
Has internal pull down resistor. 
External pull downs are not required 
unless driving a large capacitive 
load. 

The ECL comparator positive output. 
Has internal pull down resistor. 
External pull downs are not required 
unless driving a large capacitive 
load. 

The negative supply for the TTL 
comparator stage. If the TTL output is 
not necessary, connect GND TTL 
to V( 3 (;^. 


Vcc TTL 


TTL OUT 
Vdc 


CF2 

CF1 

GND 


VthADJ 


VreF 


Cjimer 


Vcc 


FUNCTION 


The positive supply for the TTL 
comparator stage. If the TTL output is 
not necessary, connect Vcc TTL to 
Vcc- (ML4624 only) 

TTL data output. 

An external capacitor on this pin 
integrates an error signal which nulls 
the offset of the input amplifier. If the 
DC feedback loop is not being used, 
this pin should be connected to Vref- 

A capacitor from this pin to CF1 
controls the maximum bandwidth of 
the amplifier. 

Connect to CF2 through a capacitor. 

Negative supply. Connect to -5.2V 
for ECL operation, or to ground for 
TTL or raised ECL operation. 

This input pin sets the link monitor 
threshold. 

A 2.5V reference with respect to 
GND. 

A capacitor from this pin to Vcc 
determines the Link Monitor 
response time. 

Positive supply. Connect to ground 
for negative ECL operation, or to 5V 
for TTL or raised ECL operation. 


Micro Linear 
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ML4622, ML4624 

ABSOLUTE MAXIMUM RATINGS 


(Note 1) ■- 

Vcc-GND ....-0.3 to+7.0 

Vcc TTL - GND TTL ....-0.3 to +7.0 

Inpots/Outputs GND ............ . ..-0.3 to Vcc +0.3 

Storage Temperature Range ...... . . ....... -65°C to +150°C 

Lead Temperature (Soldering 10 sfec.). ..+260°C 


ML4622, ML4624 ELECTRICAL CHARACTERISTICS (Note 2 and 3) 

Over recommended operating conditions of Ta = 0°C to 70°C for commercial temperature range, Ta = -40°C to +85°C for 
industrial temperature range/Vcc = 5V ±10%, GND = OV unless otherwise noted. 


SYMBOL 

PARAMETER 

MIN 

TYP 

MAX 

UNITS 

CONDITIONS 

Icci 

Vcc Supply Current 
(TTL Output Disabled) 


35 

45 

mA 

GND TTL = Vcc 

ICC2 

Vcc Supply Current 
(TTL Output Enabled) 


55 

70 

mA 

GND TTL = GND 

Vref 

Reference Voltage 

2.40 

2.50 

2.60 , 

V 


•vref 

Vref Output Source Current 



5 

mA 


Av 

Amplifier Gain 


100 


y/v 


V,N 

Input Signal Range 

2 


1600 

mVp_p 


VthAD] 

Range 

External Voltage at VthADJ 
to set VjH 

0.5 


2.7 

V 


Vos 

Input Offset 


3 


mV 

Vdc - Vref (DC loop inactive) 

En 

Input Referred Noise 


25 


pV 

50MHzBW 

BW 

3dB Bandwidth 


45 


MHz 


Rin 

Input Resistance 

1 

1.6 

2.5 

kQ 

' V|N+, V(N- 

VthADJ 

Input Bias Current of VjhADJ 

-200 

10 

+200 

pA 


tpDTTL 

Propagation Delay 


15 


ns 

From V|isi+, V||vj- to TTL Out 

V|iv| - 10mVp_p 

tpDECL 

Propagation Delay 


11 


ns 

From V 11 SI+, V|[sj- to ECL+, ECL- 
V|fv| = 10mVp_p 

TTL VoH 


2.4 



V 

Vcc TTL = 5V, loH = -SOpA 

TTLVol 




0.55 

V 

VccTTL = 5V, IoL = 2mA 

TTLV.h 


2.0 



V 


TTLVil 




0.8 1 

V 


TTL l,H 


-50 


50 

pA 

V|H = 2.4 V 

TTL I,L 


-1.6 

_1 

_ 1 

0 

mA 

V|H = 0.4V 
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ML4622, ML4624 


ML4622, ML4624 ELECTRICAL CHARACTERISTICS (Continued) 

Over recommended operating conditions of = 0°C to 70°C for commercial temperature range, = -40°C to +85°C for 
industrial temperature range, Vcc = 5V ± 10%, GND = OV unless otherwise noted. 


SYMBOL 

PARAMETER 

MIN 

TYP 

MAX ! 

UNITS 

CONDITIONS 

Vth 

Input Threshold Voltage 







ML4622 

4 

5 

6 

mVp_p 

VthADJ = Vref (note 4) 


ML4624 

5 

6 

7 

mVp_p 

VjhADJ = Vref (note 4) 

Hystersis 



20 


% 


VcM 

Common mode voltage 
on VIN+, VIN- 


1.65 


V 


ECLvoh 

Output High Voltage at 

Vcc - 1 06 


Vcc-0.7 


With 200Q load tied to 


ECL+, ECL- 



Vcc - 0.6 

(note 5) 

Vcc - 2V 

ECLvol 

Output Low Voltage at 

Vcc-1.89 


Vcc - 1.62 


With 200i2 load tied to 


ECL+, ECL- 



Vcc - 1.56 

(note 5) 

Vcc - 2V 


Note 1 : Absolute maximum ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless otherwise specified are measured with 
respect to ground. 

Note 2: Limits are guaranteed by 100% testing, sampling, or correlation with worst-case test conditions. 

Note 3: Low Duty Cycle pulse testing is performed at Ta. 

Note 4: DC Tested — Threshold for switching TTL LINK MON from High (off) to Low (on). 

Note 5: Industrial temperature range specification.. 
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FUNCTIONAL DESCRIPTION 

AMPLIFIER 

The ML4622, ML4624 have an adjustable Bandwidth 
limiting amplifier. Maximum sensitivity is achieved 
through the use of a DC restoration feedback loop and 
AC coupling the input. Wherl AC coupled/the input DC 
bias voltage is set by an on-chip network at about 1.7V. 
These coupling capacitors, in conjunction with the input 
impedance of the amplifier, establish a high pass filter 
with a 3dB corner frequency, fL, at 


2;r1600C 

Since the amplifier has a differential input, two capacitors 
of equal value are required. If the signal driving the input 
is single ended, one of the coupling capacitors can be tied 
to Vcc as shown in figure 1. 

CF1 and CF2 create a low pass filter with the corner 
frequency determined by the following equation 


2;r800(C+4pF) 



Vos 


VOUT- 


Figure 2. 

The above equation applies when a single capacitor is 
tied between CF1 and CF2. When using two capacitors of 
equal value (Capi from CF1 to Vcc/ Cap2 from CF2 to 
Vcc) the value derived for C should be doubled. 

Although the input is AC coupled, the offset voltage 
within the amplifier will be present at the amplifier's 
output. This is represented by Vqs in figure 2. In order to 
reduce this error a DC feedback loop is incorporated. This 
negative feedback loop nulls the offset voltage, forcing 
Vos to be zero. Although the capacitor on Vdc is non- 


5pF 



Note; If TTL OUT is used, tie GND TTL to unfiltered ground and remove LI. If TTL OUT and ECL outputs are both used, add 3K pulldown resistors at 
ECL outputs. 

Figure 1. The ML4622, ML4624 Configured for 20MHz Bandwidth 
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critical, the pole it creates can effect the stability of the 
feedback loop. To avoid stability problems, the value of 
this capacitor should be at least 10 times larger than the 
input coupling capacitors. 

COMPARATOR 

Two types of comparators are employed in the output 
section of these Quantizers. The high speed ECL 
comparator is used to provide the ECL level out puts a nd in 
turn drive s the TTL comparator. The enable pin, CMP 
ENAB LE, is provided to control the ECL comparator. 

When CMP ENABLE is low the comparators function 
normally. When it's high , it forces ECL4 - high, ECL- low, 
and TTL OUT high. The CMP ENABLE pin can be 
controlled with TTL level signals when the Quantizer is 
powered by 5V and ground. 

LINK DETECT CIRCUIT 

The Link Detect circuit monitors the input signal and 
provides a status signal indicating when the input falls 
below a preset voltage level . When the inpu t falls below 
the preset voltage level, the TTL LINK MON output 
changes from active (low) to inactive (high). This signal 
can be fed to the ML4662 10BASE-FL transceiver or a 
similar type of function to indicate a Low Light Condition. 
This output c an also be used to disable the output data by 
tying it to the CMP ENABLE input. 

In many fiber optic systems, including Ethernet and Token 
Ring, a bit error rate is given at a minimum power level. 
For example, in a lOBase-FL receiver there must be less 
than 1 X 10-9 bit errors at a receive power level of 
-32.5dBm average. Designers of these systems must 
insure that the bit error rate is lower than the specification 
at the given minimum power level. One procedure to 
determine the sensitivity of a receiver is to start at the 
lowest optical power level and gradually increase the 
optical power until the BER is met. In this case t he Lin k 
Detect c ircuit must not disable the receiver (i.e. CMP 
ENABLE should be tied to Ground). Once the sensitivity of 
the receiver is determined, the Link Detector circuit can 
be set just above the power level that meets the BER 
specification. This way the receiver will shut off before the 
BER is exceeded. 


The ML4622 and ML4624 quantizers have greater Link 
Detect sensitivity, noise immunity, and accuracy than their 
predecessor the ML4621. 

The threshold generator shifts the reference voltage at 
VjhADJ through a circuit which has a temperature 
coefficient matching that of the limiting amplifier. The 
relationship between the VjhADJ and the Vjh (the peak to 
peak input threshold) is: 

VTHADj = 417 Vth(ML4624) (3) 

VthAD] = 500 Vjh (ML4622) 

In most cases, including l OBase-FL, lOBase-FB and 
Token-Ring, VjhADJ can be tied directly to Vref- However 
if greater sensitivity is required the circuit in figure 3 can 
be used to adjust the VjhADJ voltage. Even if Vref is tied 
to VjhADJ, it is a good idea to layout a board with these 
two resistors available. This will allow potential future 
adjustments without board revisions. 

The response time of the Link Detect circuit is set 
by the Cjimpr pin . Starting from the link off state (i.e., 

TTL LINK MON is high), the link can be switched on 
if the input exceeds the set threshold for a time given by: 

J^ Cjimer X Q-7V 
lOOnA 

To switch the link from on to off, the above time will be 
doubled. 
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BURST MODE 

In some fiber optic links, the idle signal Is DC, or of a 
frequency that is substantially different from the data. For 
these links, a faster response time of the DC loop and the 
Link Monitor is required. 


The ML4622 and ML4624 has been designed to 
accommodate these two requirements. The input coupling 
capacitors can be relatively small and still maintain 
stability. With smaller input coupling capacitors and Vdc 
capacitor a faster DC loop response time can be achieved. 
The Link Monitor is also enhanced to have a faster 
response time. 


ORDERING INFORMATION 


PART NUMBER 

TEMPERATURE 

RANGE 

PACKAGE 

ML4622CP 

0°Cto+70°C 

Molded DIP (P16) 

ML4622CS 

0°Cto+70°C 

Molded SOIC (Narrow) (S16N) 

ML4622IS 

-40°Cto+85°C 

Molded SOIC (Narrow) (S16N) 

ML4624CP 

0°C to +70°C 

Molded DIP (P24N) 

ML4624CQ 

0°Cto+70°C 

Molded PCC (Q28) 
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_ ML4632 

Fiber Optic LED Driver 


FEATURES 


GENERAL DESCRIPTION 

The ML4632 is a fiber optic LED driver suited for 
network applications up to 20Mbps. The part is capable 
of driving up to 100mA of current through a Fiber 
Optic LED from an ECL or TTL level Input signal. Its 
efficient output stage provides a high current that 
can be programmed for accurate absolute output level 
as well as automatic temperature compensation. The 
combination of automatic temperature compensation 
and a highly accurate current driven design insures 
precise launch power. 

The LED driver's output stage provides fast, well 
matched rise and fall times through a unique class B 
output stage that burns supply current only when the 
LED is on. A positive temperature coefficient of up to 
3300ppm/°C can be programmed into the output 
current to compensate for the negative temperature 
coefficient of the LED optical output power. An 
optional peaking circuit may also be employed. 

The ECL and TTL inputs are ANDed so one can be 
used for data and the other for an enable input. An 
ECL compatible BIAS voltage is also provided for single 
ended ECL applications. 


■ Current Driven Output for accurate Launch Power 

■ Programmable output current from 20mA to 100mA 

■ Programmable temperature coefficient, 0 to 
3300ppm/°C 

■ High Efficiency Output Stage 

■ Programmable LED pre-bias current 

■ Low EMI/RFI Noise 

■ ECL or TTL inputs 

■ Optional peaking circuit 


APPLICATIONS 

■ IEEE 802.3 FOIRL, 10BASE-F 

■ IEEE 802.5 Fiber Optic Token Ring 

■ IEEE 802.4 Fiber Optic Token Bus 

■ Fiber Optic Data Communications and 
Telecommunications 


BLOCK DIAGRAM 


PIN CONNECTION 

14-Pin DIP 


__/ 

PEAK 

ECLN E 

-V. 

1 

J - 

14 

1 

' (6) 

VBIAS E 

2 

13 

-p^ I 

RPK 

LED E 

3 

12 


V (6) 

GND E 

4 

11 


, LED 





(3) 

RTSET E 

5 

10 



RPK E 

6 

9 

DRIVER > 1 







PEAK E 

7 

8 

rIJ _ 

, RTSET 










n 



16-Pin SOIC 

ECLN Ilfi ^ leh ECLP 


VBIAS L 2 
LED E 3 
GND E 4 
RTSET E 5 
NC E 6 
RPK E 7 
PEAK E 8 


15 J TTL 
14 U PTAT 
13 2 DRV 
12 H VREF 
11 U NC 
10 1 lOFF 


|8_^ VCC 

TOP VIEW 
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ML4632 

PIN DESCRIPTION 


NAME DESCRIPTION _ 

ECLN Negative ECL data input. Tie to VBIAS for 
single ended ECL operation or when ECLP 
is used as an enable. Tie to ground during 
TTL only operation. 

VBIAS BIAS voltage for single ended ECL 
operation. 

LED Fiber optic LED drive pin. Connect the LED 
between this pin and VCC. 

GND Negative power supply. This pin should be 
tied to the grounded side of RTSET to 
improve output accuracy and avoid a 
ground loop. 

RTSET Output current programming pin. Connect 
a resistor of value Vdrv/Iled ^fom this pin 
to ground to set the high LED output 
current. 

RPK Peaking circuit bias pin. Connect a resistor 
of value Vdrv/Ireak ^rom this pin to ground 
when using the peaking circuit. Leave open 
circuited when peaking is not used. 

PEAK Peaking circuif output pin. When using 

peaking, connect this pin to VCC through a 
resistor of value RRPK. Then connect a 
capacitor from this pin to the LED cathode. 
When peaking is not used, open circuit RPK. 


NAME PESCRIPTtON 

VCC Positive power supply. +5 volts. 

lOFF Connect a resistor from this pin to VCC to 
increase the off current to the LED, I.e. 
4.3kQ for 1mA. With this pin open, the 
default lOFF current Is between 0.5-1.0mA 

VREF A constant 1.2V reference output used to 
set up DRV 

DRV A DC input that sets the positive swing oh 
RTSET and the high level output current to 
the LED. 

PTAT Proportional to Absolute Temperature. A 
1.0V reference at 25°C that moves 
proportional to absolute temperature, also 
used to set up DRV. (See figure 1) 

TTL TTL data Input. Can also be used as an 
enable during ECL operation. TTL = High 
(enabled), TTL = Low (disabled). 

ECLP Positive ECL data input controls signal to 
the LED. Tie to VBIAS during TTL only 
operation or use as an enable. 
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ABSOLUTE MAXIMUM RATINGS 

VCC . -03Vto6V 

Input Pin Voltages . -0.3V to VCC +0.3V 

LED Output Current . 120mA 


PEAK DC Output Current . 120mA 

Storage Temperature ... -65°C to +150°C 

Lead Temperature (Soldering 10 sec) . 260°C 


ELECTRICAL CHARACTERISTICS 

Over the recommended operating conditions of = 0®C to 70°C, Vqq = 5V ± 5%, unless otherwise specified. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

■cc 

Supply Current 

LED off 


25 

35 

mA 

VREF 

VREF Voltage 

No Load 

1.14 

1.20 

1.26 

V 

VpTAT 

PTAT Voltage 

No Load, Ta = 25°C 

0.9 

1.0 

1.1 

V 



Ta = 85°C 

1.08 

1.2 

1.32 

V 

Vos 

Driver Offset 

VDRV = 1.2V, RTSET = 20Q 



50 

mV 


LED Current Accuracy 

VDRV = VREF, RTSET = 20Q 





•ledh 

High 

loFF = open 

54 

60 

66 

mA 

Iledl 

Low 


0.5 

0.7 

1.0 

mA 

tR 

Rise Time 

VDRV = VREF, RTSET = 200 


4.5 


ns 

tp 

Fall Time 

VDRV = VREF, RTSET = 200 


4.5 


ns 


Propagation Delay 

VDRV = VREF, RTSET = 200 





tpLH 

Low to High 

TTL and ECL 


10.0 


ns 

tpHL 

High to Low 



10.0 


ns 

tpWD 

Pulse Width Distortion 

VDRV = VREF, RTSET = 200 


1.0 

2.0 

ns 

VpK 

Peaking Voltage 

RfjpK ~ 200, Cp|< = 100pF, RpFAK “ 200 

1.08 

1.2 

1.32 

V 

VpKTR 

Peaking Rise Time 

Rrpk = 200, CpK = lOOpF, RpFAK “ 200 


4.5 


ns 

VpKTF 

Peaking Fall Time 

Rrpk = 200, CpK = 100pF, RpEAK = 200 


4.5 


ns 

■ecl 

ECL Input Current 




20 

M 

Ittl 

TTL Input Current 




100 

M 

Vdo 

Dropout Voltage between 
pin 5 and 3 


1.5 



V 

■off 

Additional LED Off Current 

Vcc = 5V, Rioff = 4.3kn 

0.8 

1.0 

1.2 

mA 

VBIAS 

ECL BIAS Voltage 

Vcc = 5V, Ta = 25‘^c 


3.8 


V 


Note 1; Absolute maximum ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless otherwise 
specified are measured with respect to ground. 

Note 2: Limits are guaranteed by 100% testing, sampling, or correlation with worst-case test conditions. 

Note 3: Low Duty cycle pulse testing is performed at T^^. 
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Ml46a2 

FUNCTIONAL DESCRIPTION 


The ML4632 accepts ECL and TTL input signals and 
generates a high speed, high accuracy output current 
which is independent of supply voltage variations. The 
output current is programmable from 20mA to 100mA. 

A temperature coefficient Can be programmed into the 
output current and a peaking circuit can be added with 
a few external components. 

The input of the LED driver accepts both ECL and TTL 
signals. The ECL input stage is a standard NPN 
differential pair with a common mode range of 
betweeri 3V and 4.5V with a +5V supply. A bias voltage 
VBIAS Is available for biasing either ECL input for 
single-ended operation. The TTL input has a standard 
switching range of between 0.8V and 2.0V. These inputs 
are ANDed so that the extra input can be used as an 
enable. 

Output current to the LED is set by connecting the 
appropriate resistance from RTSET to ground. With the 
VREF and DRV pins tied together, the high level output 
voltage at RTSET will be 1.2V. The current in the 
external resistor will be equal to the current through 
the LED. The output current with Rtset set to 200 will 
be 

Iled (HIGH) = 1.2V/Rtset = 1.2V/20O = 60mA. 

The low level output current is set Internally by a 
resistor at approximately 0.7mA. This current prebiases 
the LED and results in faster optical rise times. The 
value of this current can be increased by connecting a 
resistor from the Iqff to VCC. The additional 
current will be equal to (VCC - 0.7V)/R|off- 

The voltage Input at the DRV pin appears across the 
RTSET pin when the LED is turned on. The current in 
RTSET is directed through the LED. Therefore the voltage 
set at DRV along with the RTSET resistor sets the 
current through the LED. 

A temperature coefficient of between 0ppm/°C and 
3300ppm/°C can be programmed Into the high level 
output current to compensate for the drop In LED 
optical output power at high temperatures. This Is 
accomplished by driving the DRV pin from a resistor 
divider between the Vref ^^d PTAT pins. 

When DRV is tied directly to PTAT, the peak voltage at 
RTSET will be 1.0V at 25°C and have a 3300ppm/®C 
temperature coefficient. At 85®C, PTAT is 1.2V and equal 
to VREF. An arbitrary temperature coefficient less than 
3300 ppm/'G can be set by using a resistor divider 
between PTAT and VREF to set the voltage at DRV, as 
shown In figure 1. 



Figure 1. Current for Programming Output 
Temperature Coefficient 

In this configuration the temperature coefficient is 


TCiled = (3300ppm/G) -- - and 


Iled (high) = 


IV + 0.2 V 




RTSET 


the output current will be a linear function of 
temperature. A plot of Iled versus temperature for 
several values of the programming resistance, R1 and 
R2, In figure 2. 



Figure 2. Iled vs % Rjset = 20Q 

The ML4632 output stage conducts full load current 
only when the LED is on, and even then power 
dissipation in the part is low because most of the +5V 
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supply voltage is dropped across the LED and external 
resistor Rtset* Even with a low power design, the LED 
driver junction temperature will rise above ambient due 
to quiescent power dissipation and won't exactly match 
the LED junction temperature since it is also self¬ 
heating. Therefore, the effectiveness of a temperature 
compensated design will be related to component 
power dissipations, thermal conductance of the PC 
board and packaging, and the proximity of the LED 
driver to the LED. 

The ML4632 also provides for peaking of the LED 
output current. Peaking is used to counteract the 
effects of the LED junction capacitance. By creating a 
controlled overshoot and undershoot in the output 
current waveform, charge Is transferred to and from the 
LED capacitance on the rising and falling edges of the 
output, speeding up rise and fall times. 

To provide peaking current, a second output stage is 
biased up with a resistor from RPK to ground and 
another from PEAK to VCC. When these bias resistors 
are set equal to each other, a pulse will be generated 
across the Rreak resistor with a magnitude equal to the 
voltage on the DVR pin. A coupling capacitor transfers 
the peaking current from the PEAK pin to the LED on 
the rising and falling edges of the output current 
waveform. 


A typical application is shown in figure 3. When the 
resistors Rrrk and Rreak are both set to 20Q, a pulse 
will be generated at the PEAK pin of magnitude 1.2V 
and equivalent resistance 200 (assuming Vqrv = I ^V). 



Figure 3. Application of the Peaking Circuit 

The peaking current Is coupled through the 100 pF 
capacitor, Creak^ which will transfer 120 pC of charge 
to and from the LED on each cycle of output current. 
The peaking circuit shown provides approximately a 
70% overshoot current into a OO LED impedance. 
Peaking currents will be slightly lower for real LED's. 


lOUT = 60 MA 



NOTE: THE LED, PEAK & VCC TRACES SHOULD BE VERY SHORT AND SHIELDED WITH A GND PLANE TO REDUCE RINGING AND 
OVERSHOOT AT THE LED. 

TTL DRIVEN IMPLEMENTATION 
(No Temp. Comp) 
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ORDERING INFORMATION 


R\RT NUMBER 

TEMPERATURE RANGE 

PACKAGE 

ML4632CP 

0®C to +70°G 

14-Pin Molded DIP (P14) 

ML4632CS 

o-c to +7(S°C 

16-Pin SOIG (S16W) 
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ML4642 


GENERAL DESCRIPTION 

The ML4642 AUl Multiplexer contains all the necessary 
drivers/receivers and control logic to implement a 2 port 
MAU when used in conjuction with a transceiver chip 
which has a standard 802.3 AUl interface. In addition, the 
ML4642 is capable of operating in stand-alone mode 
where it interconnects two DTEs in the absence of a 
network MAU. Several ML4642s can be cascaded 
together to implement a 4 or 8 port MAU or stand-alone 
device. 

Logic within the ML4642 detects collisions resulting from 
multiple DTEs transmitting simultaneously. In addition, 
collision signals received from a transceiver attached at 
the MAU port are propagated to both of the DTE ports. 
Jabbering DTEs are prevented from loading down the 
network by internal jabber timers which disable babbling 
ports. 


AUl Multiplexer 

Squelch circuitry on port receivers prevent noise on the 

cables from being erroneously interpreted as valid data. 

Transmit, receive, collision, and jabber LED drivers 

indicate network activity and faults. The ML4642 is 

available in a 28 pin SSOP package. 

FEATURES 

■ IEEE 802.3 compliant AUl interfaces assure 
compatibility with any AUl ready devices. 

■ No crystal or clock input. 

■ On-chip Jabber logic, Collision Detection, and SQE 
test with enable/disable option. 

■ Selectable Loopback, Jabber, and SQE Test allows 
cascading of multiple chips to increase DTE port 
fan-out. 

■ Six network status LED outputs. 

■ 28 pin SSOP packaging 

■ Semi-standard options available 


BLOCK DIAGRAM 
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PIN CONNECTIONS 


ML4642 

28-PIN SSOP (R28) 
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ML4642 22 
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TOP VIEW 


^3^ Micro Lin^r 
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PIN DESCRIPTION 



PIN NO. 

NAME 

FUNCTION 

DESCRIPTION 

1 

RXLED/LPBK/SQE 

I/O 

Active low receive LED driver for MAU port. If tied to ground, this pin 
enables internal loopback of the active TXIN pair to the RXOUT pairs 
and enables SQE test. If tied to 0.6 volts internal loopback is enable but 
SQE test is disabled. 

2 

RXINP 

Input 

Receive signal pair for MAU port. 

3 

RXINN 

Onput 

Receive signal pair for MAU port. 

4 

JAB1/JDIS 

I/O 

Active low jabber LED driver for DTE port 1. If tied to ground, the jabber 
function is disabled at TXIN1 and TXIN2. 

5 

RRSET 

Input 

Bias setting external resistor, 61.9KlQ. 

6 

Vcc 

Power 

+5 volt power supply 

7 

TXOUTP 

Output 

Transmit signal pair for MAU port. 

8 

TXOUTN 

Output 

Transmit signal pair for MAU port. 

9 

TXLED1 

Output 

Active low transmit LED driver for DTE AUl port 1. 

10 

TXLED2 

Output 

Active low transmit LED driver for DTE AUl port 2. 

11 

TXIN2P 

Input 

Transmit signal pair for DTE port 2. 

12 

TXIN2N 

Input 

Transmit signal pair for DTE port 2. 

13 

TXIN1P 

Input 

Transmit signal pair for DTE port 1. 

14 

TXIN1N 

Input 

Transmit signal pair for DTE port 1. 

15 

Vcc 

Power 

+5 volt power supply 

16 

CDOUT2N 

Output 

Collision signal pair for DTE port 2. 

17 

CDOUT2P 

Output 

Collision signal pair for DTE port 2. 

18 

CDLED 

Output 

Active low collision LED driver. 

19 

CDINN 

Input 

Collision signal pair for MAU port. 

20 

CDINP 

Input 

Collision signal pair for MAU port. 

21 

JAB2 

Output 

Active low jabber LED driver for DTE port 2. 

22 

CDOUT1P 

Output 

Collision signal pair for DTE port 1. 

23 

CDOUT1 N 

Output 

Collision signal pair for DTE port 1. 

24 

GND 

Ground 

GND. 

25 

RXOUT2P 

Output 

Receive signal pair for DTE port 2. 

26 

RXOUT2N 

Output 

Receive signal pair for DTE port 2. 

27 

RXOUT1 N 

Output 

Receive signal pair for DTE port 1. 

28 

RXOUT1P 

Output 

Receive signal pair for DTE port 1. 
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ABSOLUTE MAXIMUM RATINGS (Note i) OPERATING CONDITIONS (Note 2) 

Power Supply Voltag e Range Vcc - • • • •. . • -0.3 to +6.0V Supply Voltage (Vcc) 

Input Current RRSET, JAB1/JABD, JAB2, CDLED, LED on Current. . . . 

RxLED/LPBK/SQE, TxLEDI, TxLED2.... 60mA RRSET.... 

Storage Temperature .-65°C to +T50°C 

Lead Temperature (Soldering 10 seconds).. . .. 260°C 


ML4642 ELECTRICAL CHARACTERISTICS 

Unless otherwise specified Ta = 0°C to 70°C (Note 3), Vcc = ± 10%. 


PARAMETER 

CONDITIONS 

MIN 

TYP. 

MAX 

UNITS 

Power Supply Current Ice 
(Note 4) 

Vcc=5V 


60 

90 

mA 

LED Drivers: 

VoL 

Rl= 51 OQ for CDLED, TXLED1,2, JAB2 
RL=270QforJAB1/JDIS, 
RxLED/LPBK/SQE (Note 5) 



0.8 

V 

Transmit Squelch Voltage Level 
(Tx-b, Tx-) 


-300 

-250 

-200 

mV 

Differential Output Voltage 


±550 


±1200 

mV 

Common Mode Output Voltage 



4.0 


V 

Differential Output Voltage Imbalance 



2 

±40 

mV 

RxLED/LPBK/SQE 

SQE Enabled/Loopback Enabled 

SQE Disabled/Loopback Enabled 

0.4 

0.6 

0.3 

0.8 

V 


Note 1 : Absolute maximum ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless otherwise specified are measured with 
respect to ground. 

Note 2: Limits are guaranteed by 100% testing , sampling, or correlation with worst-case test conditions. 

Note 3: Low Duty cycle pulse testing is performed at T^. 

Note 4: This does not include the current from the AUl pull down resistors or the LED output pins. 

Note 5: LED drivers can sink up to 20mA, but Vql will be higher. 


. . . 5V± 10% 

..10mA 

61.9KQ± 1% 
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ML4642 ELECTRICAL CHARACTERISTICS (Continued) 


AC ELECTRICAL CHARACTERISTICS 


SYMBOLS 

PARAMETER 

MIN 

TYP. 

MAX 

UNITS 

TRANSMJT 





tyxNPW 

Transmit Turn-On Pulse Width 


20 


ns 

tlXFPW 

Transmit Turn-Off Pulse Width 


180 


ns 

txODY 

Transmitter Turn-On Delay 


30 


ns 

tjXLP 

Transmit Loopback Startup Delay 


40 


ns 

tlXSDY 

Transmit Steady State Prop. Delay 


15 


ns 

tjxj 

Transmitter Jitter 


1 


ns 

RECEIVE 





tRXODY 

Receive Turn-On Delay 


20 


ns 

tRXSDY 

Receive Steady State Prop. Delay 


15 


ns 

tRXJ 

Receiver jitter 


1 


ns 

tAR 

Differential Output Rise Time 

20% to 80% (Rx-f/-, COL-f/-) 


3 


ns 

tAF 

Differential Output Fall Time 

20% to 80% (Rx-f/- COL+/-) 


3 


ns 

COLLISION 





tCPSQE 

Collision Present to SQE Assert 

0 


200 

ns 

tSQEXR 

Time for SQE to Deactivate after a collision 

200 


500 

ns 

tCLF 

Collision Frequency 

8.5 

10 

11.5 

MHz 

tCLPDC 

Collision Pulse Duty Cycle 

40 

50 

60 

% 

tSQEDY 

SQE Test Delay (Tx Inactive to SQE) 

0.6 

1.1 

1.6 

ps 

tSQETD 

SQE Test Duration 

0.5 

1.0 

1.5 

ps 

tSQEB 

SQE Blank Period 

4 


7 

psec 

JABBER, LINK TEST AND LED TIMING 





tjAD 

jabber Activation Delay 

7 

13.5 

20 

ms 

tjRT 

jabber Reset Unjab Time 

250 

450 

750 

ms 

tjSQE 

Delay from Outputs Disabled to 

Collision Oscillator On 


100 


ns 

tLEDT 

CDLED, RxLED, TxLEDI, TxLED2 On Time 

20 

50 

300 

ms 
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TIMING DIAGRAMS 


TXINP 

TXINN 

TXOUTP 

TXOUTN 

RXOUT1, 2, P 
RXOUT1, 2, N 



Figure 1. Transmit and Loopback Timing 


RXINP 

RXINN 


—<t~>Q®CvXIX 


RXOUTl, 2, P 
RXOUT1, 2, N 


<o3acDO( 


Figure 2. Receive Timing 
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TIMING DIAGRAMS (Continued) 


TXIN2P 

TXIN2N 


TXIN1P 

TXIN1N 

CDOUT1, 2, P 
CDOUT1, 2, N 

TXOUTP 

TXOUTN 



7XIN1P 

TXIN1N 


TXIN2P 

TXIN2N 

CDOUT1, 2, P 
CDOUT1, 2, N 


X X x X X y " 


Oce;edc^dcz^czix=x: 

oci^3:zixzDc::^ 


-tCPSQE- 


Figure 3. Collision Timing 



TXIN2P 

TXIN2N 

CDOUT1, 2, P 
CDOUT1, 2, N 

TXOUTP 

TXOUTN 


~~ x X ^ X y 


\. 


-tSQEXR- 


zyi^Dcij 


TXIN1 ^^Nl^ TXIN2 ^ TXIN2 ^ TXIN2 TXIN2 


Figure 4. Collision Timing 
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TIMING DIAGRAMS (Continued) 



TXINt y TXINt TXIN1 ^ TXIN1 



TXIN1P 

TXIN1N 




VALID DATA 


CDOUTIP- 

CDOUT1N 
tSQEB - 
CDOUT2P 
CDOUT2N 


(internal signal) 


ttSQEDY^ 


-tSQETD- 


-tSQEB- 


Figure 6. SQE Timing 


4-48 


Micro Linear 







ML4642 



Micro Linear 







ML4642 


FUNCTIONAL DESCRIPTION 

Figure 9 is a block diagram of a Two Port Multiplexer 
using the ML4642 chip. All AUl interfaces are shown AC 
coupled as they would be in an AUl multiplexer which 
does not include the MAU circuitry on the same board. 

TRANSMISSION 

The transmit function consists of detecting data on either 
of the TXIN differential receivers (TXINI or TXIN2) and 
transmitting this data out the TXOUT differential driver at 
the MAU port as well as both RXOUT1 and RXOUT2 
drivers of the DTE ports. (Note: the looping back of data 
received at a TXIN pair to the RXQUT pairs is discussed in 
the Loopback section.) 

Before data will be transmitted to the TXOUT and RXOUT 
pins from the TXIN pins it must meet the unsquelch 
requirements of the TXIN receiver circuitry. The squelch 
circuitry prevents any noise on the TXIN wires from being 


misinterpreted as data and transmitted to the TXOUT and 
RXOUT pins. The squelch circuit rejects signals with pulse 
widths less than typically 20ns and voltage levels more 
positive than -250mV. Once the TXIN receiver is 
unsquelched it remains so until reception of the input idle 
signal, which is detected when the TXIN signal is more 
positive than -170mV for longer than 180ns. 

RECEPTION 

The receive function consists of detecting data at the RXIN 
differential receiver of the MAU port transmitting this data 
to both DTE port RXOUT pairs. 

Before data will be transmitted to the RXOUT pins of the 
DTE ports it must meet the unsquelch requirements for the 
RXIN receiver circuitry. The squelch circuitry at the RXIN 
differential receiver input performs the same function as 
that of the TXIN squelch circuitry using the same noise 
rejection criteria. 



Figure 9. Two Port AUl Multiplexer 
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COLLISION 

There are two conditions that constitute a collision fronn 
the point of view of the ML4642: 

a) If data is received at the TXIN inputs of both DTE ports 
simultaneously a local collision occurs within the 
ML4642. 

b) If the CDIN input is active at any time other than the 
inter-packet gap window allowed for the SQE Test 
function described below. 

In either of the above circumstances it is necessary for the 
ML4642 to drive the CDOUT pairs on both DTE ports 
with the collision signal. The collision signal consists of a 
10 MHz +/- 15% square wave matching the AUl 
specifications and capable of driving a 78Q load. The 
collision signal shall turn on within 2 bit times of the 
origination of the collision condition and shall turn off 
within 2-5 bit times after the collision condition subsides. 

During a collision condition there are two sources for data 
to be transmitted to TXOUT, TXINl and TXIN2. The 
highest priority source for data to be transmitted to 
TXOUT is the TXINl receiver. 

For example if TXIN2 begins transmission then TXINl 
turns on, the collision oscillator will turn on and TXOUT 
will switch from TXIN2 to TXINl. If the collision ends by 
TXINl turning off first, TXOUT will switch from TXINl to 
TXIN2, and 2-5 bit times later the collision oscillator will 
turn off. 

The MAU port's CDIN receiver contains squelch circuitry 
to prevent noise from causing the erroneous detection of a 
collision signal. A signal on the CDIN pair will not be 
considered active until it exceeds the same squelch 
requirements as those of the TXIN receivers. 

LOOPBACK 

The loopback function allows the ML4642 to emulate a 
coaxial transceiver by propagating the TXIN data back out 
the RXOUT pair of the same DTE port that is sourcing the 
data as well as the RXOUT pair of the idle DTE port. This 
allows the Ethernet controller sending the data to monitor 
its transmit packets and detect network faults. 

The loopba ck function is enabled at both DTE ports when 
the RXLED pin is tied to ground, or 0.6 volts. 

SQE TEST FUNCTION 

The Signal Quality Error (SQE) Test function allows the 
DTE to determine whether or not the collision detection 
circuitry is functional. After each transmission, during the 
inter-packet gap time, the collision signal will be activated 
on the CDOUT pair of the same port as the TXIN pair 
which received the packet, for typically 1 ps. The SQE 
function will not be activated on DTE ports of the ML4642 
which are in the Jabber state. The SQE function is enabled 
on both DTE ports when the RXLED/LPBK/SQE pin is 
grounded. 


JABBER 

The jabber function prevents a babbling transmitter from 
loading down the network. Within the ML4642 is a jabber 
timer on each TXIN receiver. Each timer starts at the 
beginning of a received packet and resets at the end of 
each packet. If a packet lasts longer than 7 to 20ms the 
jabber logic disables its corresponding TXIN receiver (thus 
preventing its data from being retransmitted) and 
generates a collision signal on the babbling port's CDOUT 
pair. When the TXIN pair finally goes idle, a second timer 
measures 0.5 seconds of idle on TXIN prior to re-enabling 
the receiver and turning off the collision signal. If the 
TXIN pair becomes active again before the 0.5 seconds 
has expired, the timer is reset and measures another 0.5 
seconds of idle time. 

The jabber function can be disabled on both ports by 
tying the JABl/JABD pin to ground. 

LED DRIVERS 

The ML4642 has six LED driver pins. Each DTE port has a 
transmit LED and a jabber LED and the MAU port has a 
receive LED. Additionally, there is a collision LED which 
Indicates the presence of a collision condition. All LED 
drivers are active low TOmA current sources. 

The TXLED, RXLED, and CDLED outputs have 50ms pulse 
stretc hers on them to enable the LEDs to be visible. The 
JLED outputs do not have pulse stretchers on them 
because their conditions occur long enough for the LEDs 
to be visible. 

Two of the M L4642 LED output s ser ve as conf iguration 
pins as well. RXLED/LPBK/SQE and JABl/JDIS may be tied 
through a resistor to Vco tied thr ough a resistor and a LED 
to Vcc or grounded. Additionally RXLED/LPBK/SQE may 
be tied to a specific voltage. When these pins are 
grounded or tied to a 0.6 Volts they become configuration 
inputs. Otherwise when tied high they become status 
outputs. 

CASCADING THE ML4642 FOR 4 AND 8 PORT 
DESIGNS 

The configurability of such functions as loopback, jabber, 
and SQE allows ease of cascading multiple ML4642 chips 
for larger fan-out designs. Figure 10 shows a four port AUI 
Multiplexer design. For a type 0 configuration both jabber 
and transm it LEDs are availab le on a per port basis for 
status. The RXLED/LPB K/SQE p ins are tied through a 
resistor to 5 volts, and CDLED is wire OR'ED with the 
other chip for one collision detect status LED per system. 
There is also only one receive LED status output which is 
displayed in a type 2 configuration. This particular pin in 
a type 2 configuration offers three options. In option 1, 
when tied to +5 volts through a resistor and an LED, an 
internal or external MAU will be connected. For stand¬ 
alone operation without an internal or external MAU a 
loopback is required. Option 2 allows loopback with no 
SQE test while option 3 provides loopback with an SQE 
test. 
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iJDI 

3 


TXINIP 

Vcc 



TXIN1N 

CND 

ML4642 

RXOUT1P , tXOUTP 



RXINP 

CDOUT1N 

RXINN 

TXIN2P 



CDINN 

RXOUT2P 


RXOUT2N 



jAB2 


CDLED 

CDOUT2P 

GDOUT2N 

TXLED1 


rxTed/lpbk/^ 




TXIN2P 

TXIN2N CDINP 


ML4642 r-^ 


TXIN2P 

TXIN2N CDINP 


11'-I I - CDOUT2N TXLED2 

360n < <3600 RXLED/L^/S^ 



JabI/iabd -— 

jAB2 -^ NC 

CDLED -^ NC 

TO —^ NC 

CDOUT2N TXIED2 -^ NC 

RXLED/LPBK/^ -O-^ 


^9 9^ <8.06Kn 6 

IM 

▼ <iKa 


Switch Options- 

1. Receive LED with Internal/Externi 

2. NoMAU/NoSQE 

3. No MAUwilhSQE 


Figure 10. Four Port AUl Multiplexer 
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An eight port design is accomplished in the same way as 
shown in the block diagram in Figure 11. In an eight port 
design Type 0 and Type 2 configuration remain the same 
as in a four port design . Type 1 ho wever only differs from 
Type 2 by tying RXLED/LPBK/SQE through a resistor to +5 
volts. Table 1 summerizes all of the different LED 
configurations. 


SQE TEST WHEN CASCADING 

As mentioned before, after each transmission during the 
interpacket gap time the collision signal will be activated 
on the CDOUT pair of the same port as the TXIN pair 
which received the packet. When cascading ML4642s to 
implement 4 or 8 port designs, the path is remembered 
and followed to acheive this function. The paths that did 
not carry the transmit data blocks CDOUT for 4-7 psec 
after transmission to guarantee that only the port that 
transmitted will see SQE test. 


TABLE 1. LED Configurations for 2, 4, and 8 Port Designs 



JABl/JABD 

RXLED/LPBK/SQE 

JAB2 

CDLED 

TXLEDl 

TXLED2 

Two Port AUl Mux 

LED 

GND, 0.6V, LED 

LED 

LED 

LED 

LED 

Type 0 

LED 

270^2 to +5V 

LED 

WIRE'ORED 

LED 

LED 

Type 1 

GND 

270ato+5V 

NC 

NC 

NC 

NC 

Type 2 

GND 

GND, 0.6V, LED 

NC 

NC 

NC 

NC 


DTE PORT 1 
DTE PORT 2 

DTE PORT 3 
DTE PORT 4 

DTE PORT 5 
DTE PORT 6 

DTE PORT 7 
DTE PORT 8 


TYPE 0 TYPE 1 TYPE 2 



Figure 11. Eight Port AUl Multiplexer 
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ORDERING INFORMATION 



TEMPERATURE 


PART NUMBER 

RANGE 

PACKAGE 

ML4642CR 

0°C to 70°C 

28-Pin SSOP (R28) 
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ML4652, ML4658 
10BASE-T Transceiver 


GENERAL DESCRIPTION 

The ML4652/ML4658 10BASE-T Transceivers are single 
chip cable line driver/receivers that provides all of the 
functionality required to implement both an internal 
and external IEEE 802.3 10BASE-T MAU. These parts 
offer a standard IEEE 802.3 AU interface that allows 
them to directly connect to industry standard 
manchester encoder/decoder chips or an AUl cable. 

These parts require a minimal number of external 
components, and are compliant to the IEEE 802.3 
10BASE-T standard. The differential current driven 
transmitter offers superior performance because of its 
highly symetrical switching. This results in low RFI 
noise and low jitter. 

The Transceiver easily interfaces to 100O unshielded 
twisted pair cable, 1500 shielded twisted pair cable, or 
a range of other characteristic impedances by simply 
changing one external resistor. Jabber, Link Test, and 
SQE Test are fully integrated onto the chip with 
enable/disable options. A polarity detection status pin, 
which can drive an LED, is provided for receive data, 
and the ML4658 offers automatic polarity correction. 

The ML4652 and ML4658 are available in 24 pin skinny 
DIP as well as a 28 pin PLCC. 


FEATURES 

■ Complete implementation of IEEE 802.3 10BASE-T 
Medium Attachment Unit (MAU) 

■ Incorporates an AU interface for use in an external 
MAU or internal MAU 

■ Single +5 volt supply + 10% 

■ No crystal or clock input 

■ Current Driven Output for low RFI noise and low 
jitter 

■ Capable of driving 100Q unshielded twisted pair 
cable or 150Q shielded twisted pair cable 

■ Polarity detect status pin capable of driving an LED 

■ Automatic Polarity Correction on the ML4658 

■ On-chip jabber logic. Link Test, and SQE test with 
enable/disable option 

■ ML4652 and ML4658 provide six network status 
LED output pins 

■ ML4652 and ML4658 are available in a 24 pin 
skinny DIP or 28 pin PLCC 

■ Semi-standard option using Micro Linear's FB3651 
LAN Transceiver Tile Array 


BLOCK DIAGRAM 


+5V 
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PIN DESCRIPTION (DIP) 

PIN NO. NAME _ FUNCTION . . 

1 CLSN Indicates that a collision is taking place. Active low LED driver, open collector. Event is 

extended 100ms for visibility. 

2 GOL+ Gated 10MHz signal used to indicate a collision, SQE test, or jabber. Balanced differential 

3 GOL- line driver outputs that meet AU interface specifications. AG or DG 

coupled. 

4 SQEN/LTD/jABD SQE Test Enable, Link Test Disabled, jabber Disabled. This input uses four voltage levels 

to configure the chip as shown in Table 1. 


Table 1. SQEN/LTD/jABD Pin Configuration 


Pin 

SQE Test 

Link Test 

Jabber 

OV (GND) 

Disabled 

Enabled 

Enabled 

1.2V 

Disabled 

Disabled 

Disabled 

BIAS 

Enabled 

Disabled 

Enabled 

5V (Vcc) 

Enabled 

Enabled 

Enabled 


When link test is disabled, no link pulses are transmitted, and the transmitter and receiver 
will not be disabled as a result of a loss of receive link pulses. When jabber is disabled 
the transmitter can transmit continuously without interruption, and the collision oscillator 
will not be activated. 

5 Rx+ Manchester encoded receive data output to the local device. Balanced differential line 

6 Rx- driver outputs that meet AU interface specifications. AG or DC coupled. 

7 Vcc +5 Volt power input. 

8 Tx+ Balanced differential line receiver inputs that meet AU interface specifications. These 

9 Tx- inputs may be AC or DC coupled. When AC coupled, the BIAS pin is used to set the 

common mode voltage. Signals meeting the transmitter squelch input requirements are 
pre-equalized and output on TxTP+ and TxTP- 

10 RTSET When using 100O unshielded twisted pair, a 2200 resistor is tied between this pin and 

Vco When using 1500 shielded twisted pair, a 3300 resistor is tied between this pin and 
Vcc- 

11 RRSET A 1% 61.9KO resistor tied from this pin to Vcc 'S used for internal biasing. 

12 POLRD Receive Polarity status. Active low LED Driver, open collector output. Indicates the polarity 

of the receive twisted pair regardless of auto polarity correction. When this pin is high, 
the receive polarity is correct, and when this pin is low the receive polarity is reversed. 

13 XMT Indicates that transmission Is taking place on the TxTP+, TxTP- pair. Active low LED driver, 

open collector. It is extended 100ms for visibility. 

14 RCV Indicates that the transceiver has unsquelched and is receiving data from the twisted pair. 

Active low LED driver, open collector. It is extended 100ms for 
visibility. 

15 TxTP- Pre-equalized differential balanced current driven output. These outputs are connected 

16 TxTP+ to a balanced transmit output filter which drives the twisted pair cable through pulse 

transformers. The output current is set with an external resistor connected to RTSET- 
allowing the chip to drive 100Q unshielded twisted pair, 1500 shielded twisted pair 
cables or a range of other characteristic impedances. 

17 GND Ground reference. 


18 TxGAPI An external capacitor of 330pF is tied between these two pins to set the pulse width for 

19 TxGAPO the pre-equalization on the transmitter. If these two pins are shorted together, no 

pre-equalization occurs. 

20 LTF Link Test Fail, Active high. Normally this pin Is low. Indicating that the link is operational. 

If the link goes down resulting from the absence of link pulses or frames being received, 
the chip will go into the Link Test Fail state and bring LTF high. In the Link Test Fail state, 
both the transmitter and receiver are disabled, however link pulses are still sent. A station 
that only has access to the AUl can detect a Link Test Fail by the absence of loopback. 
This pin is low when the Link Test is disabled. Open collector LED output. 
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PIN DESCRIPTION (DIP) (Continued) 

PIN NO. 

NAME 

FUNCTION 

21 

22 

RxTP- 

RxTP+ 

Twisted Pair receive data input. When this signal exceeds the receive squelch 
requirements the receive data is buffered and sent to the Rx+/- outputs. 

23 

BIAS 

Bias voltage, output. Used to bias the receive twisted pair inputs as well as the Tx+/- 
inputs when they are AC coupled. 

24 

JAB 

Open collector TTL output capable of driving an LED. When in the Jabber state, this pin 
will be low and the transmitter will be disabled. In the Jabber ''OK" state this pin will 
be high. 


PIN CONNECTION 


a5N[ 

1 


] 1^ 

COL+[ 

2 

23 

] BIAS 

COL-[ 

3 

22 

] RxTP+ 

SQEN/LTD/JABD [ 

4 

21 

] RxTP- 

Rx+ [ 

5 

20 

]ltf 

Rx- [ 

6 

19 

] TxCAPO 

vcc[ 

7 

ML4652 IB 

"I TxCAPI 


ML4658 

J 

Tx+[ 

8 

17 

"2 GND 

T,-[ 

9 

16 

] TxTP+ 

RTSET [ 

10 

15 

] TxTP- 

rrset[ 

11 

14 

] ^ 

POLRD [ 

12 

13 

] 5^ 


TOP VIEW 


COL- CLSN BIAS 

SQEN/LTD/JABD | COL+ | | RxTP+ 



RTSET POLRD RCV TxTP+ 
TOP VIEW 
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ABSOLUTE MAXIMUM RATINGS 

(Note 1) 


Power Supply Voltage Range 

Vcc .... ... -0.3to6V 

Input Voltage Range 

Digital Inputs (SQEN, LTD) ..... -0.3 to 

Tx+, Tx- RxTP+, RxTP- ... -0.3 to V^c 

Input Current__ 

RRSEX RTSEX JAB, CLSN, XMX RCV, LTF ..;.......... 60mA 

Output Current 

TxTP+, TxTP- ...... 80mA 

Storage Teniperature .... -65®C to+150®C 

Lead.Temperature (Soldering 10 seconds) __ —... 260®C 


OPERATING CONDITIONS 

(Note 2) 

Supply Voltage (Vcc) .. • • • . SV ± 10% 

LED on Current ... — .. 10mA 

RRSET .......^.. 61.9KQ±1% 

RTSET ...... 2200 + 1% 

TxCAP .... 330pF 


ELECTRICAL CHARACTERISTICS 

Unless otherwise specified = 0°C to 70°C (Note 3), Vcc = 5V + 10% 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Power Supply Current Icc (Note 4) 

Vcc = 5V 



140 

mA 

LED Drivers: 

Vql 

Rl = 5100 (Note 5) 



0.8 

V 

Transmit Peak Output Current 

RTSET = 2200 


42 

(Note 6) 


mA 

Transmit Squelch Voltage Level (Tx+, Tx-) 



-170 


mV 

Differential Input Voltage (RxTP+, RxTP-) 


+0.300 


+3.1 

V 

Receiver Input Resistance 


10 



KO 

SQEN/LTD/JABD Input Resistance 



12 


KO 

Receive Squelch Voltage Level (RxTP+, RxTP-) 


300 

450 

585 

mV-p 

Differential Output Voltage (Rx+/- COL+/-) 


±550 


+1200 

mV 

Common Mode Output Voltage (Rx+/- COL+/-) 



4.0 


V 

Differential Output Voltage imbalance (Rx+/-, COL+/-) 



2 

+40 

mV 

BIAS Voltage 



3.2 

■ 

V 

SQEN/LTD/JABD 

SQE TEST disabled 

All disabled 

Link Test disabled 

All Enabled 

. 1.1 

BIAS-0.15 

Vcc-0.05V 


.3, 

1.4 

BIAS+0.15 

V 


Note 1: Absolute maximum ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless otherwise 
specified are measured with respect to ground. 

Note 2: Limits are guaranteed by 100% testing, sampling, or correlation with worst-case test conditions. 

Note 3: Low Duty cycle pulse testing is performed at T^. 

Note 4: This does not include the current from the AUl pull down resistors, the transmit pins TxTP+ and TxTP- or the LED output pins. 

Note 5: LED drivers can sink up to 20mA, but Vql will be higher. 

Note 6: This current will result in a 2.5V peak output voltage on unshielded twisted pair cable when connected through an external filter 
and transformer as shown in Figure 12. 
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ELECTRICAL CHARACTERISTICS (Continued) 


AC ELECTRICAL CHARACTERISTICS 


SYMBOL 

PARAMETER 

MIN 

TYP 

MAX 

UNITS 

Transmit 

tjXNPW 

Transmit Turn-On Pulse Width 


20 


ns 

tjXFPW 

Transmit Turn-Off Pulse Width 


180 


ns 

tjXLP 

Transmit Loopback Startup Delay 



200 

ns 

tlXODY 

Transmitter Turn-On Delay 



200 

ns 

tyxsDY 

Transmit Steady State Prop. Delay 


15 

100 

ns 

tixj 

Transmitter Jitter 


±2 

+3.5 

ns 


Receive 


tpxoDY 

Receive Turn-On Delay if Transmit is Idle 


420 

500 

ns 

tpXTDY 

Receive Turn-On Delay if Transmit is Active 


650 

800 

ns 

tRXFX 

Last Bit Received to Start Slow Decay Output 

230 

800 


ns 

tpXSDY 

Receive Steady State Prop. Delay 


15 

100 

ns 

tRXJ 

Receiver Jitter 


±0.7 

+1.5 

ns 

tAR 

Differential Output Rise Time 20% to 80% (Rx+/-, COL+/-) 


3 


ns 

Uf 

Differential Output Fall Time 20% to 80% (Rx+/-, COL+/-) 


3 


ns 


Collision 


tCPSQE 

Collision Present to SQE Assert 

0 


900 

ns 

tjXRX 

Time for Loopback to Switch from Tx to RxTP During 
a Collision 

0 


900 

ns 

tsQEXR 

Time for SQE to Deactivate Given That RxTP Goes Idle 
and TxTP Continues 

0 


900 

ns 

tSQEXT 

Time for SQE to Deactivate Given That TxTP Goes Idle 
and RxTP Continues 

0 


900 

ns 

tCLF 

Collision Frequency 

8.5 

10 

11.5 

MHz 

tCLPDC 

Collision Pulse Duty Cycle 

40 

50 

60 

% 

tsQEDY 

SQE Test Delay (Tx Inactive to SQE) 

0.6 

1.1 

1.6 

/ys 

fsQETD 

SQE Test Duration 

0.5 

1.0 

1.5 

fJS 


Jabber, Link Test and LED Timing 


fjAD 

Jabber Activation Delay 

20 

70 

150 

ms 

tjRT 

Jabber Reset Unjab Time 

250 

450 

750 

ms 

tjSQE 

Delay from Outputs Disabled to Collision Oscillator On 


100 


ns 

tLLT 

Link Loss Time 

50 

95 

150 

ms 

fLTN 

Link Test Pulse Receive Minimum Time 

2 

4.2 

7 

ms 

tlTX 

Link Test Pulse Receive Maximum Time 

25 

70 

150 

ms 

tjLP 

Link Test Pulse Repetition Rate 

8 

16 

24 

ms 

tLTPW 

Link Test Pulse Width 

85 

100 

200 

ns 

tlEDT 

R^, CLSN On Time 

30 

100 

300 

ms 
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TIMING DIAGRAMS 



Figure 1. Transmit and Loopback Timing 



Figure 2. Receive Timing 
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TIMING DIAGRAMS (Continued) 
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SYSTEM DESCRIPTION 

Figure 10 shows a typical block diagram of an external 
10BASE-T transceiver interface. On one side of the 
transceiver is the AU interface and the other is the 
twisted pair. The AU interface is AC coupled when used 
in an external transceiver or can be AC or DC coupled 
when used in an internal transceiver. The AU interface 
for an external transceiver includes isolation 
transformers, some biasing resistors, and a voltage 
converter for power. 

The twisted pair side of the transceiver requires 
external transmit and receive filters, isolation 
transformers, and terminating resistors. These 
components can be obtained in a single hybrid 
package from suppliers listed in figure 12. The 
transmitter sends pre-equalized data through the 
transmit filters onto the twisted pair. The pre-equalized 
data uses a standard two step output waveform that 
lowers the amplitude of the 5MHz component so that 
at the receiving end both the 5MHz and iOMHz 
components have the same amplitude. The external 
transmit filter smooths the edges of the signal before 
passing it onto the twisted pair. 

The receive pair side of the transceiver accepts the data 
after it passes through the isolation transformer and the 
receive low pass filter. Since this is an AC coupled 
input, the Bias pin is used to set the proper common 
mode voltage for the receive inputs. A pair of 50Q 
resistors correctly terminate the receive pair and 
provide a common mode for the Bias voltage 
connection point. 


AU INTERFACE 

The AU interface consists of 3 pair of signals, DO, Cl 
and Dl as shown in Figure 10. The DO pair contains 
transmit data from the DTE which is received by the 
transceiver and sent out onto the twisted pair. The Dl 
pair contains valid data that has been either received 
from the twisted pair or looped back from the DO and 
output through the Dl pair to the DTE. The Cl pair 
indicates whether a transmit based collision has 
occurred. It is an output that oscillates at 10MHz. Cl 
pair is also used for jabber and SQE Test. 

The transceiver may be AC or DC coupled depending 
on the application. For the AC coupled interface, the 
DO input must be DC biased (shifted up in voltage) for 
the proper common mode input voltage. The BIAS pin 
serves this purpose. When DC coupled, the manchester 
encoder/decoder transmit output pair provides this 
common mode voltage and the Bias pin is not 
connected. 

The two 39Q 1% resistors tied to the Tx+ and Tx- pins 
serve two purposes. They provide a point to connect 
the common mode bias voltage, and they provide the 
proper matching termination for the AUl cable. The Cl 
and Dl pair, which are output drivers from the 
transceiver to the AUl cable, require 3600 pull down 
resistors when terminated with a 78Q load. However on 
a DTE card. Cl and Dl do not need 780 terminating 
resistors. This also means that the pull down resistors 
on Cl and Dl can be 1KO or greater depending upon 
the particular manchester encoder/decoder chip used. 


+5V 



Figure 10. System Block Diagram 
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The AUl drivers are capable of driving the full 50 
meters of cable length and have a rise and fall time of 
typically 3ns. The rise and fall times match to within 
Ins. In the idle state, the outputs go to the same 
voltage to prevent DC standing current in the isolation 
transformers. 

TRANSMISSION 

The transmit function consists of detecting the 
presence of data from the AUl DO input (Tx+, Tx-) and 
driving that data onto the transmit twisted pair (TxTP+, 
TxTP-). A positive signal on the Tx+ lead relative to the 
Tx- lead of the DO circuit will result in a positive signal 
on the TxTP+ lead of the chip with respect to the 
TxTP-lead. 

Before data will be transmitted onto the twisted pair 
from the AU interface, it must exceed the squelch 
requirements for the DO pair. The Tx squelch circuit 
serves the function of preventing any noise from being 
transmitted onto the twisted pair. This circuit rejects 
signals with pulse widths less than typically 20ns and 
voltage levels more positive than -175mV. Once the Tx 
squelch circuit has unsquelched, it looks for the start of 
idle signal to turn on the squelch circuit again. The 
transmitter turns on the squelch again when it receives 
an input signal at Tx+/- that is more positive than 
-175mV for more than approximately 180ns. 


At the start of a packet transmission, no more than 2 
bits are received from the DO circuit and not 
transmitted onto the twisted pair. The difference 
between start-up delays (bit loss plus steady-state 
propagation delay) for any two packets that are 
separated by 9.6/is or less will not exceed 200ns. 

The output stage of the transmitter is a current mode 
switch which develops the output voltage by driving 
current through the terminating resistor and the output 
filter. The transmitter employs a center tap 2:1 
transformer where the center tap is tied to Vcc (+5V). 
While one pin of the transmit pair (TxTP+, TxTP-) is 
pulled low, the other pin floats. The output pins to the 
twisted pair wires, TxTP+ and TxTP-, can drive a 100Q, 
150Q load, or a variety of impedances that are 
characteristic of the twisted pair wire. RTSET selects the 
current into the TxTP+, TxTP- pins. This current along 
with the characteristic impedance of the cable 
determines the output voltage. 

Once the characteristic impedance of the twisted pair is 
determined, one must select the appropriate RTSET 
resistor as well as match the terminating impedances of 
the transmit and receive filter. The RTSET resistor can 
be selected as follows: 

RTSET = (Rl/100) * 220Q 

where Rl is the characteristic impedance of the twisted 
pair cable. 
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The transmitter incorporates a pre-equalization circuit 
for driving the twisted pair line. Pre-equalization 
compensates for the amplitude and phase distortion 
introduced by the twisted pair cable* The twisted pair 
line will attenuate the 10MHz signal more than the 
5MHz signal. Therefore pre-equalization insures that 
both the 5 and 10MHz components will be roughly the 
same amplitude at the far end receiver. 

The pre-equalization circuit reduces the current output 
when a 5MHz bit is being transmitted. After 50ns of a 
5MHz bit, the current level is reduced to approximately 
2/3 of its peak for the remaining 50ns. Figure 11 
illustrates the pre-equalization. 

An on-chip one-shot determines the pulse width of the 
pre-equalized transmit signal. This requires an external 
capacitor connected to pins TxCAPO and TxCAPI. The 
proper value for this one-shot is 330pF. Pre-equalization 
can be disabled by shorting TxCAPO and TxCAPI 
together. 

The transmitter enters the idle state when it detects 
start of idle on Tx+ and Tx- input pins. The transmitter 
maintains a minimum differential output voltage of at 
least 450mV for 250ns after the last low to high 
transition. The driver differential output voltage will 
then be within 50mV of OV within 45 bit times. 

RECEPTrON 

The twisted pair receive data is transformer coupled 
and low pass filtered before it is fed into the input pins 
RxTP+/-. The input is differential with the common 
mode voltage set by the chip's Bias pin. At the start of 
packet reception from the twisted pair link, no more 
than 5 bits are received from the twisted pair cable and 
not transmitted onto the Dl circuit. The first bit sent on 
the Dl circuit may contain phase violations or Invalid 
data, but all subsequent bits are valid. 

The receive squelch will reject the following differential 
signals on the RxTP+ and RxTP- Inputs: 

1. All signals that produce a peak magnitude less than 
300mV 

2. All continuous sinusoidal signals of amplitude less 
than 6.2Vp_p and frequency less than 2MHz. 

3. All single sinusoidal cycles of amplitude less than 
6.2Vp_p and either polarity, where the frequency is 
between 2MHz and 15MHz. For a period of 4 BT 
before and after this single cycle, the signal will 
conform to (1) above. 

4. All sinusoidal cycles gated by a 100ns pulse gate of 
amplitude less than 6.2Vp_p and either polarity, where 
the sinusoidal frequency is between 2MHz and 
30MHz. The off time of the pulse gate on the 
sinusoidal signal shall be at least 400ns. 


The first three receive squelch criteria are required to 
conform to the lOBASE-T standard. The fourth receive 
squelch criteria exceeds the 10BASE-T requirements and 
enhances the performance of the receiver. The fourth 
squelch criteria prevents a false unsquelch caused by 
cross talk or noise typically found coupling from the 
phone lines onto the receive twisted pair. 

When the receive squelch is on during idle, the input 
voltage must exceed approximately ±450mV peak 
several times before unsquelch occurs. If the transmitter 
is inactive, the receiver has up to 5 bit times to 
unsquelch and output the receive data on the Rx+, Rx- 
pair. If the transmitter is active, the'receive squelch 
extends the time it takes to determine whether to 
unsquelch. If the receiver unsquelches while the 
transmitter is active, a collisionwill result Therefore the 
receive squelch uses the additional time to insure that 
a collision will not be reported as a result of a false 
receive squelch. 

After the receiver is unsquelched, the detection 
threshold is lowered to 275mV. Upon passing the 
receive squelch requirements the receive data 
propagates into the multiplexer and eventually passes 
to the Rx+ and Rx- outputs of the AU interface. The 
addition of jitter through the receive section is no 
more than ±1.5ns. 

While in the unsquelch state, the receive squelch 
circuit looks for the start of idle signal at the end of the 
packet. When start of idle is detected, receive squelch 
is turned on again. The proper start of idle occurs 
when the input signal remains above 300mV for 160ns. 
Nevertheless, if no transitions occur for 160ns, receive 
squelch is still turned on. 

COLLISION 

Whehever the receiver and the transmitter are active at 
the same time the chip will activate the collision 
output. The collision output is a differential square 
wave matching the AUl specifications and capable of 
driving a 780 load. The frequency of the square wave 
is 10MHz ± 15% with a 60/40 to 40/60 duty cycle. The 
collision oscillation turns on no more than 9 bit times 
after the collision condition begins, and turns off no 
more than 9 bit times after the collision condition is 
removed. The collision oscillator also is activated during 
SQE Test and Jabber. 

LOOPBACK 

The loopback function emulates a coax Ethernet 
transceiver where the transmit data sent by the DTE is 
looped back over the AUl receive pair. Many LAN 
controllers report the status of the carrier sense for 
each packet transmitted. The software can use this 
loopback information to determine whether a MAU is 
connected to the DTE by checking the status of carrier 
sense after each packet transmission. 
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When data is received by the chip while transmitting, a 
collision condition exits. This will cause the collision 
oscillator to turn on within 9 bit times. The data on the 
Dl AUl pair (Rx+, Rx-) changes from Tx+, Tx- to RxTP+, 
RxTP-, when entering the collision state. During a 
collision, If the receive data (RxTP+, RxTP-) drops out 
before the transmit data (Tx+, Tx-), Rx+, Rx- will switch 
back to Tx+, Tx- 

SQE TEST FUNCTION (SIGNAL QUALITV ERROR) 

The SQE test function allows the DTE to determine 
whether the collision detect circuitry Is functional. After 
each transmission, during the inter-packet gap time, the 
collision oscillator will be activated for typically 1//s.;The 
SQE test will not be activated if the chip is In the link 
fail state, or the Jabber state. 

For SQE to operate, the SQEN pin must be tied to Vcc 
or BIAS. The SQE test can be disabled by tying the 
SQEN pin to 1.2V or ground. This allows the chip to be 
interfaced to a repeater. 

JABBER FUNCTION 

The jabber function prevents a babbling transmitter 
from bringing down the network. Within the 
transceiver is a Jabber timer that starts at the beginning 
of each transmission and resets at the end of each 
transmission. If the transmission lasts longer than 20ms 
the jabber logic disables the transmitter, and turns on 
the collision oscillator COL+, COL-. When Tx+ and Tx- 
flnally go idle, a second timer measures 0.5 seconds of 
idle on Tx+ and Tx- before re-enabling the transmitter 
and turning off the collision oscillator. If transmission 
starts up again before 0.5 seconds has expired, the 
timer is reset and measures another 0.5 seconds of Idle 
time. 

Even though the transmitter is disabled during jabber. 
Link Pulses are still transmitted if the Link Test is 
enabled. 

Jabber can be disabled by placing 1.2V on the 
SQEN/LTD/JABD pin. This is useful for measuring jitter 
performance on the transmitter. 

LJNK TEST FUNCTION 

transmission — Whenever data is not being delivered 
to the twisted pair link, the idle signal is applied. The 
idle signal Is a sequence of Link Pulses separated by a 
16ms period of silence. The Idle signal starts with a 
period of silence after a packet transmission ends. The 
link test pulse is a single high pulse with the same 
amplitude requirements as the data signal. 


Reception — The transceiver monitors the receive 
twisted pair input for packet and link pulse activity. If 
neither a packet nor a link test pulse is received for 50 
to 150ms, the transceiver enters the Link Test Fail state 
and inhibits transmission and reception. Link pulses 
received with the wrong polarity will be ignored and 
cause the chip to go into link test fail. 

A DTE can determine that the transceiver is in Link Test 
Fail one of two ways: it can monitor the LTF pin if the 
transceiver is internal, or it can monitor loopback. If the 
MAU is on-board the LTF pin can be sampled to 
determine that the transceiver is In the link fail state. If 
the MAU is external the DTE can monitor carrier sense 
during transmission. A loss of carrier sense Is an 
indication of Link Test Fail State, since in Link Test Fall, 
loopback is disabled. Note that jabber also disables 
loopback but with Jabber the collision signal will be on. 

When a packet, or two consecutive link test pulses is 
received from the twisted pair input, the transceiver will 
exit the Link Test Fail state upon transmit and receive 
data being idle, and re-enable transmission and 
reception. 

Link test pulses that do not occur within at most 25 to 
150ms of each other are not considered consecutive. In 
addition, detected pulses that occur within a time 
between 2 to 7ms of a previous pulse will be 
considered as noise by the link test circuitry. 

POLARnr CIRCUITRY 

The ML4652 offers polarity detection, while the ML4658 
offers automatic polarity correction. The ML4652 and 
ML4658 are pin for pin compatible. The POLRD pin is 
used to report the status of the receive pair polarity. 
This pin reflects the true status of the receive polarity 
regardless of whether the part has autopolarity 
correction or not. 

Polarity Detection — ML4652 — The internal circuitry 
uses the start of idle signal to determine the receive 
polarity. With the correct receive polarity, the Start of 
Idle signal (the end of the frame) will remain above 
300mV for more than 160ns. If the polarity is reversed, 
the Start of Idle signal will end with a negative voltage. 

The POLRD status pin is updated only when two 
consecutive frames are received with the same Start of 
Idle polarity. In the case where the part is powered up 
with the receive polarity reversed and no frames are 
received, the part will go into link test fail without 
reflecting a reverse polarity condition. Without 
autopolarity correction, the part will remain in link test 
fail unless a frame is received or the correct polarity 
link pulses are received. 
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Automatic Polarity Correction — ML4658 — In the link 
GK state, receive polarity is updated when two 
consecutive frames are received with the same Start of 
Idle polarity. In the Link Test Fail state the part will use 
either the Start of Idle signal or link pulses to correct 
the receive polarity. 

In the case where the part is powered up with the 
receive polarity reversed and ho frames are received, 
the part will go into Link Test Fail. After two link pulses 
are received with the same polarity, the part will exit 
Link Tes t Fail and correct the receive polarity. The 
POLRD pin will continue to reflect the true polarity of 
the receive pair. 

LED DRIVERS 

The ML4652, ML4658 have six LED drivers for transmit, 
receive, collision. Link Test Fail, reverse polarity, and 
jabber. The LEDs are normally off except for LTF which 
is normally on and active high. The LEDs are tied to 
their respective pins through a 5100 resistor to 5 Volts. 


The XMT, RCV and CLSN pins have pulse stretchers on 
them which enables the LEDs to be visibl e. When 
transm ission or reception occurs, the LED XMT, RGV or 
CLSN status pins will activate low for 100ms. If another 
transmit, receive or collision condition occurs during 
the first 100ms, the LED timer will reset and begin 
timing again for 100ms. The LEDs wil l remain on for 
consecutive frames. The JAB, POLRD, and LTF LEDs do 
not have pulse stretchers on them since their 
conditions occur long enough for the eye to see. 

SEMI-STANDARD OPTION 

The ML4652 and ML4658 are designed using Micro 
Linear's Bipolar Tile Array technology. They use a special 
Tile Array, the FB3651, that was designed for Data 
Communications applications. As a result these parts 
are customizable, and can be modified to suit a specific 
customer application. Please contact your local 
representative or Micro Linear for more information On 
semi-standard options. 
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■ SINGLE CHIP SOLUTIONS ARE AVAILABLE FROM MAGNETIC SUPPLIERS 


Magnetics and Filter Suppliers: 

Pulse Engineering, Inc. (San Diego) 
Valor Electronics, Inc. (San Diego) 
Fil-Mag (San Diego) 
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APPLICATION: EXTERNAL MAU 
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APPLICATION: INTERNAL MAU 



Figure 13. Internal MAU 


ORDERING INFORMATION 


ORDERING NUMBER 

PACKAGE 

PIN COUNT 

AUTO-POIARITY 

ML4652CP 

Skinny DIP (P24N) 

24 pins 

No 

ML4658CP 

Skinny DIP (P24N) 

24 pins 

Yes 

ML4652CQ 

PLCC (Q28) 

28 pins 

No 

ML4658CQ 

PLCG (Q28) 

28 pins 

Yes 
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10BASE-T Transceiver for Multi-Port Repeaters 


GENERAL DESCRIPTION 

The ML4654 10BASE-T Transceiver is a single chip cable 
line driver/receiver that provides all of the functionality 
required to implement an Internal 10BASE-T Transceiver 
for a Multi-Port Repeater. The ML4654 provides a TTL 
Interface well suited for Multi-Port Repeater control 
logic. 

The ML4654 uses a minimal number of external 
components, and fully conforms to the IEEE 802.3 
10BASE-T standard. The transmitter offers a current 
driven output that is less sensitive to power supply 
variation and noise. It offers superior performance 
because of its highly symetrical switching which results 
in low RFI noise and low jitter. 

The Transceiver easily interfaces to 100Q unshielded 
twisted pair cable, 1500 shielded twisted pair cable, or 
a range of other characteristic impedances by 
changing one external resistor. Jabber and Link Test 
Function are fully integrated into the chip with 
enable/disable options. An autopolarity circuit detects 
the polarity of the receive pair and automatically 
corrects it If necessary. A polarity status pin that can 
drive an LED reflects the true polarity of the receive 
pair. 

The ML4654 is available in a 20 pin skinny DIP as well 
as a surface mount 28 pin PLCC. The ML4654 is 


designed using Micro Linear's Bipolar Tile Array 
technology. It uses a special Tile Array designed for 
Data Communications applications. Semi-Standard 
options are available to suit a particular customer 
application. 

FEATURES 

■ Complete implementation of IEEE 802.3 10BASE-T 
Internal Medium Attachment Unit (MAU) 

■ TTL interface for direct connection to Multi-Port 
Repeater control logic 

■ Automatic polarity correction with a status pin to 
reflect the true receive polarity 

■ Single +5 volt supply + 10% 

■ No clock or crystal required 

■ Capable of driving 100Q unshielded twisted pair 
cable or 150Q shielded twisted pair cable 

■ Fully integrated Link Test logic, with Link Test Fall 
Status pin and enable/disable option 

■ On-chip jabber logic, with enable/disable option 

■ Available in a 20 pin skinny DIP or 28 pin PLCC 

■ Semi-standard option using Micro Linear's FB3651 
LAN Transceiver Tile Array 
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PIN DESCRIPTION 

PIN 

NO. NAME FUNCTION 

1 JAB/DIS Jabber Status Output/jabber 

Disable. When this pin is tied to 
ground, the jabber function is 
disabled and the transmitter is 
allowed to transmit indefinitely. 
This pin has an internal pullup so 
that when tied to a TTL input it 
will be low in the unjab state and 
high in the jab state. When in the 
jab state, the transmitter will be 
disabled. 

2 CRS Carrier Sense. Indicates valid 

receive data from the twisted pair. 
TTL output active high. 

3 RxD Receive data output to the local 

device. TTL levels. 


4 


5 


LTD Link Test Disable. When tied high 
or left to float, link test is disabled. 
When Link Test is disabled no link 
pulses are transmitted, and the 
transmitter and receiver will not 
be disabled as a result of a loss of 
receive link pulses. When this pin 
is grounded, link pulses will be 
transmitting during idle, and the 
link test receive logic is enabled. 

RRSET A 1% 61.9KO resistor tied from this 
pin to VcG is used for biasing 
internal nodes. 


6 

7 

8 


Vcc "^5 Volt power Input. 

Tx+ Differential transmit data pair 

Tx- input from the local device, with 
TTL levels. 


9 


10 


RTSET When using 100O unshielded 

twisted pair cable, tie a 220Q 
resistor between this pin and Vco 
When using 1500 shielded twisted 
pair cable, tie a 3300 resistor 
between this pin and Vcc- 

POLRD Polarity Reversal Detection. This 

pin reflects the true receive 
polarity status regardless of the 
state of the autopolarity logic. 

A low indicates that RxTP+ and 
RxTP- are reversed. Open collector 
TTL output. 


PIN 

NO. 


11 


12 

13 


14 

15 

16 


17 


18 


19 

20 


NAME 

POLDIS 


TxTP- 

TxTP+ 


GND 

TxCAPI 

TxCAPO 


TxEn 


LTF 


RxTP- 

RxTP+ 
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FUNCTION _ 

Automatic Polarity Correction 
Disable. When grounded or left to 
float this pin will disabl e autom atic 
polarity correction. The PQLRD 
status pin continues to reflect the 
status of the receive polarity, even 
when automatic polarity is 
disabled. When this pin is tied 
high, automatic polarity correction 
is enabled. 

Pre-equalized differential balanced 
output driver. These outputs are 
connected to terminating resistors, 
a transformer and a balanced 
transmit output filter. The output 
current is set with an external 
resistor connected to RTSET 
allowing the chip to drive 100O 
unshielded twisted pair, 1500 
shielded twisted pair cables or a 
range of other characteristic 
impedances. 

Ground reference. 

An external capacitor of 330pF is 
tied between these two pins to 
set the pulse width for the pre- 
equalization on the transmitter. If 
these two pins are shorted 
together, no pre-equalization 
occurs. 

When this pin is low the 
transmitter is enabled and 
transmitting the data received 
from the Tx+/- input pair. TTL 
input-active low. 

Link Test Fall. Active high. 

Normally this pin is low, indicating 
that the link Is operational. If the 
link goes down resulting from the 
absence of link pulses and frames 
being received, the chip will go 
Into the Link Test Fail state and 
bring LTF high. In the Link Test 
Fail state, both the transmitter and 
receiver are disabled, however 
link pulses are still sent. This pin 
Is low when Link Test is disabled. 

Twisted Pair Receive Data Input. 
When this signal exceeds the 
receive squelch requirements the 
receive data is buffered and sent 
to the RxD output pin. 
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PIN CONNECTION 



RxD JAB/DIS RxTP- 
NC I CRS I RxTP+ I LTF 



NC 

fxEN 

NC 

TxCAPO 

TxCAPI 

GND 

GND 


ABSOLUTE MAXIMUM RATINGS 

(Note 1) 

OPERATING CONDITIONS 

(Note 2) 


Power Supply Voltage Range 

Vcc . 

Input Voltage Range . 

Input Current . 

Output Current 

TxTP+, TxTP-. 

Storage Temperature (Tj) . 

Lead Temperature (Soldering 10 seconds) _ 

. -0.3 to 6V 

.... -0.3 to Vcc 
. 60mA 

. 80mA 

. 135°C 

. SOO^’C 

Supply Voltage (V^^) . 

LED on Current . 

RRSET . 

RESET .. 

TxCAP .. 

. 2200 

.... 5V ± 10% 

. 10mA 

. 61.9KO ± 1% 
or 3300 ± 1% 
. 330pF 


ELECTRICAL CHARACTERISTICS 

Unless otherwise specified = 0°C to 70°C (Note 3), Vcc = 5V ± 10% 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Power Supply Current l^c (Note 4) 

Vcc = 5V 



120 

mA 

TTL Inputs: 

V,L 

V|H (LTD, TxEN) 

! 

2 


.8 

V 

V 

TTL Outputs: 

Vql 

VoH (CRS, RxD, LTF) 

Iql = 1.6mA 

Iqh = -400^A 

2.4 


.4 

V 

V 

LED Drivers: 

Vql (JAB/DIS, POLRD) 

Rl = 5100 (Note 5) 



0.8 

V 

Transmit Peak Output Current 

RTSET = 2200 


42 

(Note 6) 


mA 

Differential Input Voltage (RxTP+, RxTP-) 


±0.300 


±3.1 

V 

Receiver Input Resistance 


10 



KO 

Receive Squelch Voltage Level (RxTP+, RxTP-) 


300 

450 

585 

mVp 


Note 1: Absolute maximum ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless otherwise 
specified are measured with respect to ground. 

Note 2: Limits are guaranteed by 100% testing, sampling, or correlation with worst-case test conditions. 

Note 3: Low Duty cycle pulse testing is performed at T^. 

Note 4: This does not include the current supplied into the transmit pins TxTP+ and TxTP-. 

NotiB 5: LED drivers can sink up to 20mA, but VoL will be higher. 

Note 6: This current will result in a 2.5V peak output voltage on unshielded twisted pair cable when connected through an external filter and 
transformer as shown in Figure 5. 
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ELECTRICAL CHARACTERISTICS (Continued) 


AC ELECTRrCAL CHARACTERISTICS 


SYMBOL 

PARAMETER 

MIN 

■ 

MAX I 

UNITS 

Transmit 

tlXEN 

Transmit Enable to Data Out 



100 

ns 

tjXDIS 

Transmit Disable to Start Slow Decay 

' 

, 

50 

ns 

1 

tjXSDY 

Transmit Steady State Prop. Delay 

i 

15 ■, 

100 

ns 

■ 

tixj 

Transmitter Jitter 



±2 ' 

ns 


Receive 


tRXOCR 

Valid Receive Data to CRS Turn-On 



500 ! 

ns 

tRXTCR 

Valid Receive Data to CRS Turn-On if Transmit is Active 



800 

ns 

tRXSDY 

Receive Steady State Prop. Delay 

1 

15 

100 

ns 

tRXFCR 

Receive Turn-Off to CRS Inactive 

150 

230 

300 

ns 

tRXJ 

Receiver jitter 



±1.5 ... 

ns 

Ur 

Rx Output Rise Time 20% to 80% 


4. 


ns 

Uf 

Rx Output Fall Time 20% to 80% I 


4 

' 

ns 


Jabber^ Link Test and LED Timing 


tjAD 

Jabber Activation Delay 

20 

70 

150 

ms 

fjRT 

Jabber Reset Unjab Time 

250 

450 

750 

ms 

tjJAB 

Delay from Outputs Disabled to JAB/DIS Active 


-20 


ns 

tlLT 

Link Loss Time 

50 

95 

150 

ms 

tlTN 

Link Test Pulse Minimum Time 

2 

4.2 

7 

ms 

tux 

Link Test Pulse Maximum Time 

25 

70, 

150 

ms 

tlTPW 

Link Test Pulse Width 

85 

100 

130 1 

ns 

tlLP 

Link Pulse Repetition Rate 

8 

16'- ;l 

24 

ms 


TIMING DIAGRAMS 




Txt ' 
Tx- 


TxTP+ 

TxTP- 


J 


ysocDcx 


- trXSDY - 


03®CDOC 


Figure 1. Transmit Timing 
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FUNCTIONAL DESCRIPTION 

Figure 5 shows a typical block diagram of the ML4654 
in an internal 10BASE-T transceiver interface. On one 
side of the transceiver is the local controller interface 
and the other is the twisted pair. The twisted pair side 
of the transceiver requires external transmit and receive 
filters, isolation transformer, and termination resistors. 

The transmitter sends pre-equalized data through the 
transmit filters onto the twisted pair. The pre-equalized 
data uses a standard two step output waveform that 
lowers the amplitude of the 5MHz component so that 
at the receiving end both the 5MHz and 10MHz 
components have the same amplitude. The external 
transmit filter smooths the edges of the transmitter's 
output before passing it onto the twisted pair. Figure 6 
illustrates the transmit output waveforms at different 
stages of the system. 

The receive pair side of the transceiver accepts the data 
after it passes through the isolation transformer and 
the receive low pass filter. Since this is an AC coupled 
input, an internal DC bias is used to set the proper 
common mode voltage for the receive inputs. 

LOCAL INTERFACE 

The local interface consists of transmit, and receive 
signals which all use TTL levels. The transmit input 
signals entail a pair of true differential TTL transmit data 
pins, and an enable signal. 

Once the transmitter is enabled, the output on TxTP+, 
TxTP- Is determined by the transmit Input pair Tx+, Tx- 
The transmit input pair is a true differential TTL input 
that determines the switching point based on both 
Inputs. Driving this input single ended is also possible 
by letting Tx- float. After the last bit is transmitted, Tx+ 
should be h eld high and Tx- held low for two bit times 
before TxEn goes high. 

During reception the carrier sense pin (CRS) Is activated 
asynchronously to receive data. Receive data is output 
through the receive data output pin (RxD). At the end 
of the packet, CRS goes inactive two bit times after the 
last low to high transition on RxD. 

TRANSMISSION 

The transmit fu nction consists of enabling the 
transmitter with TxEn and driving the data onto the 
transmit twisted pair (Tx+, Tx-). A positive signal on the 
Tx+ lead relative to the Tx- lead results in a positive 
signal on the TxTP+ lead of the chip with respect to 
the TxTP- lead. 

At the start of a packet transmission, no more than 1 
bit is received from the Tx+, Tx- circuit and not 
transmitted onto the twisted pair. The difference 
between start-up delays (bit loss plus steady-state 
propagation delay) for any two packets that are 
separated by 9.6//S or less will not exceed 200ns. 


The output stage of the transmitter is a current mode 
switch which develops the output voltage by driving 
current through the terminating resistor. The transmitter 
employs a center tap 2:1 transformer where the center 
tap is tied to Vcc (+5V). While one pin of the transmit 
pair Is pulled low, the other pin floats. 

The output pins to the twisted pair wires, TxTP+ and 
TxTP- drive a 100O load, 150Q load, or a variety of 
impedances that are characteristic of the twisted pair 
wire. To select the correct drive current for a 
characteristic impedance of the twisted pair wire, one 
must select the appropriate RTSET resistor. The RTSET 
resistor can be determined as follows: 

RTSET = (Rl/100) * 2200 

where Rl is the characteristic impedance of the twisted 
pair cable. 

The transmitter incorporates a pre-equalization circuit 
for driving the twisted pair line. Equalization of the 
transmit signal is needed to decrease the voltage of the 
5MHz component of the Manchester encoded signal. 
The twisted pair line will decrease the voltage of the 
10MHz signal more than the 5MHz signal. Therefore 
the pre-equalization insures that both the 5 and 10MHz 
components will have the same amplitude at the far 
end receiver. 

The pre-equalization circuit reduces the output current 
when a 5MHz bit is being transmitted. After 50ns of a 
5MHz bit, the current level is reduced to approximately 
2/3 of its peak for the remaining 50ns. Figure 6 
illustrates the pre-equalization. 

An on-chip one-shot determines the pulse width of the 
pre-equalized transmit signal. This requires an external 
capacitor connected to pins TxCAPO and TxCAPI. The 
proper value for this capacitor is 330pF. Pre-equalization 
can be disabled by shorting TxCAPO and TxCAPI 
together. 

Th e tran smitter enters the idle state when it is disabled 
by TxEn. The Tx+ pin should remain high and the Tx- 
pin shou ld remain low or float for two bit times before 
the TxEn signal goes high. When this happens, the 
transmitter maintains a minimum differential output 
voltage of at least 450mV for two bit times after the last 
low to high transition. The driver's differential output 
voltage will then be within 40mV of OV within 80 bit 
times. In addition the current into the load will be 
limited in magnitude to 4mA within 80 bit times. 
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Figure 5. System Block Diagram 
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Magnetics and Filter Supplies: 

Puke Engineerings Inc. (San Diego) 
Valor Electronics, Inc. (San Diego) 
Coilcraft (Cary, lllinok) 

Fil-Mag (San Diego) 

Bel Fuse (Jersey CHy) 

TDK (Torrance, CA) 
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Figure 6. Transmit Output Waveforms 


RECEPTION 

Before the twisted pair receive data Is input into the 
transceiver it is transformer coupled and low pass 
filtered. The RxTP+/- input is differential with the " 
common mode voltage set internally at approximately 
halfway between and GND. At the start of a packet 
reception from the twisted pair link, no more than 5 
bits are received from the twisted pair cable and not 
transmitted onto the Rx pin. The first bit sent to Rx may 
contain phase violations or invalid data, but all 
subsequent bits are valid. 

The receive squelch will reject the following differential 
signals on the RxTP+ and RxTP- Inputs; 

1. All signals that produce a peak magnitude less than 
300mV. 

2. All continuous sinusoidal signals of amplitude less 
than 6.2Vp_p and'frequency less than 2MHz. 

3. All single sinusoidal cycles of amplitude less than 
6.2Vp_p and either polarity, where the frequency is 
between 2MHz aod 15MHz. For a period of 4 BT 
before and after this single cycle, the signal will 
conform to (1) above. 

4. All sinusoidal cycles gated by a 100ns pulse gate of 
amplitude less than 6.2Vp_p and either polarity, where 
the sinusoidal frequency Is between 2MHz and 
30MHz. The off time of the pulse gate on the 
sinusoidal signal shall be at least 400ns. 


The first three receive squelch criteria are required to 
conform to the 10BASE-T standard. The forth receive 
squelch criteria exceeds the 10BASE-T requirements. It 
enhances the receiver's performance without 
compromising on conformance to the standard. The 
additional squelch criteria prevents a false unsquelch 
from occuring due to cross talk or noise typically 
coming from the telephone system twisted pair wires. 

When the recelye squelch is on, the input voltage must 
exceed ±450mV peak several times before unsquelch 
occurs. If the transmitter is inactive, the receiver has up 
to 5 bit times to unsquelch and output the receive data 
on the Rx+, Rx- pair. If the transmitter is active, the 
receive squelch extends the time it takes to deterrnine 
whether to unsquelch. If the receiver unsquelches 
while the transmitter is active, a collision will result. 
Therefore the receive squelch uses the additional time 
to insure that a collision will not be reported as a result 
of a false receive squelch. 

After the receiver Is unsquelched, the data detection 
threshold Is lowered to 275mV. Upon passing the 
receive squelch requirements the receive data 
propagates to the fbc TTL output. This TTL output has 
been bolstered to reduce jitter. The addition of jitter 
through the receive section is no more than ±1.5ns. 
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While in the unsquelch state, the receive squelch 
circuit looks for the start of idle signal at the end of the 
packet. When start of idle is detected, receive squelch 
is turned on again and the carrier sense pin goes 
inactive. The proper start of idle occurs when the input 
signal remains above 300mV for 160ns. Nevertheless if 
no transitions occur for 160ns, receive squelch Is still 
turned on. In this case however, the polarity may be 
reversed. A reverse polarity condition will be registered 
into the autopolarity circuit if the start of idle signal is 
negative. It will take several reverse polarity start of idle 
signals and/or reverse polarity link pulses to actually 
change the polarity on the receive circuit. (See 
Automatic Polarity Reversal section for more detail) 

JABBER FUNCTION REQUIREMENTS 

The Jabber function prevents a babbling transmitter 
from bringing down the network. Within the 
transceiver is a jabber timer that starts at the beginning 
of each transmission and resets at the end of each 
transmission. If the transmission last longer than 20ms 
the jabber logic disables the transmitter, and activates 
the JAB/DIS pin, signaling the controller of the jabber 
condition. When Tx+ and Tx- finally go idle, a second 
timer measures 0.5 seconds of Idle on Tx+ and Tx- 
before re-enabling the transmitter and deactivating the 
JAB/DIS pin. If transmission starts up again before the 
0.5 seconds has expired, the timer is reset and 
measures another 0.5 seconds of idle time. Even though 
the transmitter is disabled during jabber, Link Pulses are 
still transmitted. 

The Jabber function can be disabled by tying the 
JAB/DIS pin to ground. This forces the ML4654 into the 
Unjab state allowing indefinite transmission. 

LINK TEST FUNCTION 

Transmission — Whenever data is not being delivered 
to the twisted pair link, the idle signal is used. The idle 
signal is a sequence of link pulses separated by 16ms of 
silence. The idle signal starts with a 16ms period of 
silence after a packet transmission ends. The link test 
pulse is a single high pulse which meets the amplitude 
requirements for a pulse of duration BT. 

Reception — The transceiver monitors Its twisted pair 
Input for packet and link pulse activity. If neither a 
packet nor a link test pulse is received for 50 to 150ms, 
the transceiver enters the Link Test Fail state and 
inhibits transmission and reception. The Hub Controller 
can determine that the transceiver is in the Link Test 
Fail state by monitoring the LTF pin. If LTF is low, the 
link is operational. But If LTF goes high, the ML4654 has 
entered the Link Test Fail state as a result of a loss of 
both Link Pulses and Receive Frames. 


When a packet, or two consecutive link test pulses is 
received, the transceiver will exit the link test fail state. 
Exitin g the link test fail state may be deferred if either 
TxEn is high or the receive squelch is off indicating 
receive data activity. After the link test fail state is 
exited, transmission and reception are re-enabled. 

Link test pulses that do not occur within at most 25 to 
150ms of each other are not considered consecutive. In 
addition, a Link Test Pulse that occurs within a time 
between 2 to 7ms of a previous Link Test Pulse will be 
considered as noise by the link test circuitry. In the 
Link Test Fall state, such pulses reset the counted 
number of consecutive link test pulses to zero. 

AUTOMATIC POLARITY REVERSAL 

This circuit determines the polarity for the receive pair 
only, and decides whether the polarity should be 
reversed. After 2 40ms of consistent reverse polarity 
Information, the POLRD pin will change states and the 
polarity on the receive circuit will switch. The polarity 
on the receive pair RxTP+, RxTP- is determined using 
both Link Pulses and the Start of Idle signal at the end 
of a receive packet. When the Start of Idle signal is 
negative, it is treated as a reverse polarity indication. 
When a Link Pulse begins with a negative transition it is 
treated as a reverse polarity indication. When both Link 
Pulses and/or Start of Idle signals consistently indicate a 
reverse polarity condition for 240ms, the polarity on the 
receiver will be reversed. 

The POLRD pin will reflect the true polarity on the 
receive pair regardless of the automatic correction 
circuit. For example if the polarity on the receive pair is 
reversed, after 240ms the POLRD pin will go low and 
the data on the RxD pin will have the correct polarity. 
This condition will remain as long as the polarity stays 
reversed, i f the rev erse polarity is then corrected, after 
240ms the POLRD pin will go high and the RxD pin 
will have the correct polarity. 

The POLDIS pin will disable the auto matic po larity 
correction but h ave no a ffect on the POLRD pin. 
Therefore when POLDIS pin is tied low and the polarit y 
is reversed on the receive pair, after 240ms the POLRD 
pin will go low, but the RxD will continue to pass the 
data on in the reverse polarity condition. 

If the ML4654 is powered up with the RxTP+/- polarity 
reversed, and no data is received, it will go into link 
test fail. After 240ms of reverse polarity Information, the 
auto-polarity circuit will reverse the polarity. The link 
test circuitry will then receive two correct polarity link 
pulses, and exit the link test fail state. 
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ORDERING INFORMATION 


ORDERING NUMBER 

R^CKAGE 

PIN COUNT 

MU6S4CP 

Skinny DIP 

20 pins ^Pio). 

ML4654CQ 

PLCC 

28 pins (Q28) 
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FOIRL Transceiver 


GENERAL DESCRIPTION 

The ML4661 FOIRL transceiver combined with the 
ML4621 or ML4622 fiber optic quantizers provides all 
of the functionality required to implement both an 
Internal and external IEEE 802.3 FOIRL MALI. The 
ML4661 offers a standard IEEE 802.3 AU interface that 
allows it to be directly connected to industry standard 
manchester encoder/decoder chips or an AUl cable. 

The ML4661 provides a highly Integrated solution that 
requires a minimal number of external components, 
and is compliant to the IEEE 802.3 FOIRL standard. The 
transmitter offers a current driven output that directly 
drives a fiber optic LED transmitter. Jabber, 1MHz idle 
signal, and SQE Test are fully integrated onto the chip. 

The receiver accepts an ECL level input coming from 
the ML4621 or ML4622 fiber optic quantizers. The 
1MHz Idle signal Is removed and the AUl output is 
activated when the receive squelch criteria is 
exceeded. A Link Monitor function is also provided for 
low light detection. 


FEATURES 

■ Combined with the ML4621 or ML4622, offers a 
complete Implementation of an FOIRL Medium 
Attachment Unit (MAU) 

■ Incorporates an AU interface for use in an external 
MAU or an internal MAU 

■ Single +5 volt supply ±10% 

■ No crystal or clock required 

■ On-chip jabber, 1MHz idle, and SQE Test with 
enable/disable option 

■ Five network status LED outputs 

■ Available in a 28-pin PLCC package 

■ Semi-standard option using Micro Linear's FB3651 
LAN Transceiver Tile Array 


BLOCK DIAGRAM PIN CONNECTION 

+5V 



icit) Linear 
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PIN DESCRIPTION 


PIN'# 

NAME 

FUNCTION 

PIN # 

NAME 

1 

CLSN 

Indicates that a collision is taking 
place. Active low LED driver, open 
collector. Event Is extended with 

17 

18 

Vcc 

TxOUT 



internal timer for visibility. 

19 

NC 

2 

COL+ 

Gated 10MHz Oscillation used to 

20 

GND 

3 

COL- 

indicate a collision, SQE test, or 

21 

GND 



jabber. Balanced differential line 
driver outputs that meet AUl 
specifications. 

22 

LMONin 

4 

SQEN/JABD 

SQE Test Enable, jabber Disable. 
When tied low, SQE test is 
disabled, when tied high SQE test 
is enabled. When tied to BIAS 
both SQE test and jabber are 
disabled. 

23 

LBDIS 

5 

GND 

Ground Reference. 



6 

Rx+ 

Manchester encoded receive data 



7 , 

Rx- 

output to the local device. 

Balanced differential line driver 
outputs. 

24 

LMON 

8 

Vcc 

+5 Volt power input. 



9 

Vcc 




10 

Tx+ 

Balanced differential line receiver 



11 

Tx- 

inputs that meet AUl 
specifications. These inputs may 
be transformer, AC or DC 
coupled. When transformer or AG 

25 

RxIN- 



coupled, the BIAS pin Is used to 



set the common mode voltage. 

26 

RxlN+ 

12 

RTSET 

Sets the current driven out of the 
transmitter. 



13 

RRSET 

A 1% 61.9 KD resistor tied from 
this pin to Vcc sets tbe biasing 
currents for internal nodes. 



14 

NC 

No Connection. 



15 


Indicates that transmission Is 

27 

BIAS 



taking place. Active low LED 
driver, open collector. Event is 





extended with internal timer for 
visibility. 

28 

]ab 

16 


Indicates that the transceiver Is 




receiving a frame from the optical 
input. Active low LED driver, open 
collector. Event is extended with 
internal timer for visibility. 


FUNCTION 

+5 volt supply. 

Fiber optic LED driver output. 

No Connection. 

Ground Reference. 

Ground Reference. 

Link Monitor Input from the 
ML4621 or ML4622. This input 
must be low (active) for the 
receiver to unsquelch. 

Loopback Disable. When this pin 
is tied to Vco the AUl transmit 
pair data is not looped back to 
the AUl receive pair, and collision 
is disabled. When this pin is tied 
to GND (normal operation), the 
AUl transmit pair data Is looped 
back to the AUl receiver pair. 

Link Monitor LED status output. 
This p in is pulled low when 
LMONiim Input is low and there 
are transitions on RxlN± 
indicating an idle sig nal or active 
data. If either LMONin goes high 
or tran sitions cease on RxlN±, 
LMON will go high. Active low 
LED driver, open collector. 

Fiber Optic receive pair. This ECL 
level signal is reGeived from the 
ML4621 or ML4622 fiber optic 
quantizer. When this signal 
exceeds the receive sq uelch 
requirements, and the LMON|n 
input is low, the receive data is 
buffered and sent to the AUl 
receive outputs. 

BIAS output voltage for the AUl 
Tx+, Txt inputs when they are AC 
coupled. 

Jabber network status LED. When 
in the jabber state, this pin will be 
low and the transmitter will be 
disabled. In the jabber ''OK" state 
this pin will be high. Open 
collector TTL output. 
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ABSOLUTE MAXIMUM RATINGS 

(Note 1) 


Power Supply Voltage Range 

Vcc .-0.3 to 6V 

Input Voltage Range 

Digital Inputs (SQEN, LMON|n, LBDIS) . -0.3 to Vcc 

Tx+, Tx- RxlN+, RxIN- . -0.3 to Vcc 

Input Current 

RRSEi; RTSEX JAB, CLSN, XMT, RCV, LMON . 60mA 

Output Current 

TxOUT . 100mA 

Storage Temperature .... -65° C to +150°C 

Lead Temperature (Soldering 10 seconds) .. 260°C 


OPERATING CONDITIONS 

(Note 2) 


Supply Voltage (Vcc) . 5V ± 10% 

LED on Current . 10mA 

RRSET . 61.9KQ ± 1% 

RTSET . 1620 ± 1% 


ELECTRICAL CHARACTERISTICS 

Unless otherwise specified, T^ = -30®C to 85°C, Vcc = 5V ± 10% (Note 3) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Power Supply Current Ice: 

Idle 

While Transmitting 

Vcc = 5V, RTSET = 162Q 
(Note 4) 



170 

200 

mA 

LED Drivers: 

VoL 

Rl = 5100 (Note 5) 



0.8 

V 

Transmit Peak Output Current 

RTSET = 1620 


57 


mA 

Transmit Squelch Voltage Level (Tx+, Tx-) 


-300 

-250 

-200 

mV 

Common Mode Input Voltage (Tx±, RxlN±) 


2 


Vcc - 0.5 

V 

Receive Squelch Voltage Level (RxlN+, RxIN-) 



±175 


mV-p 

Differential Output Voltage (Rx±, COL±) 


±550 


±1200 

mV 

Common Mode Output Voltage (Rx±, COL+) 



4.0 


V 

Differential Output Voltage Imbalance 
(Rx±, COL±) 




±40 

mV 

BIAS Voltage 



3.2 


V 

SQE/JABD 

SQE Test Disable 
jabber Disable 

Both Enabled 

BIAS - .15 
Vcc - 0-05 


.3 

BIAS + .15 

V 

LBDIS Threshold 

Disabled 

Enabled 

Vcc -0.10 


1 

V 
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AC ELECTRICAll CHARACTERISTICS 


SYMBOL 

PARAMETER 

MIN 

TYP 

MAX 

■ _ ^ 

UNITS 

Transmit 

^TXNPW 

Transmit Turn-On Pulse Width 


20 


ns 

tlXFPW 

Transmit Turn-Off Pulse Width from Data to Idle 

400 


2100 

ns 

tlXLP 

Transmit Loopback Startup Delay 



500 ' 

ns 

tlXODY 

---^^-;-! 

Transmitter Turn-On Delay 


. 

100 i 

ns 

tlXIDF 

Transmit Idle Frequency 

0.85 


1.25 

MHz 

tjXDC 

Transmit Idle Duty Cycle 

45 


55^ 

% 

tlXSDY 

Transmit Steady State Propagation Delay 


15 

50 , ' 

ns 

^TXJ 

Transmitter Jitter into 31Q Load 



.,'±1.5 

■_ 1 

ns 


Receive 


tRXSFT 

Receive Squelch Frequency Threshold 

1.3 


4 

MHz 

tRXODY 

Receive Turn-On Delay 



350 

ns 

tRXFX 

Last Bit Received to Slow Decay Output 

230 

800 


ns 

tRXSDY 

Receive Steady State Propagation Delay 


15 

50 

ns 

tRXJ 

Receiver jitter 1 



±1.5 

ns 

Ur 

Differential Output Rise Time 20% to 80% (Rx±,. COL±) 


4 . 


ns 

Uf 

Differential Output Fall Time 20% to 80% (Rx±; GOL±) 


_^_ I 

■ ..._J 

ns 


Collision 


tCPSQE 

Collision Present to SQE Assert 

0 


400 

ns 

tSQEXR 

Time for SQE to Deactivate After Collision 

450 


1,000 

ns 

tCLF 

Collision Frequency 

8.5 


11.5 

MHz 

tCLPDC 

Collision Pulse Duty Cycle 

40 

50 

60 

% 

tSQEDY 

SQE Test Delay (Tx Inactive to SQE) 

0.6 


1.6 


tSQETD 

SQE Test Duration 

0.5 

1.0 

1.5 

fJS 


Jabber and LED Timing 


Vd 

Jabber Activation Delay 

20 

70 

150 

ms 

tjRT 

Jabber Reset Unjab Time 

250 

450 

750 

ms 

tjSQE 

Delay from Outputs Disabled to Collision Oscillator On 


100 


ns 

tLEDTRC 

CLSN On Time 

10 


70 

ms 

tLEDTT 

XMIT On Time 

5 


30 

ms 

tLLPH 

Low Light Present to LMON High 

' ’3 


10 

fJS 

Ulcl 

Low Light Clear to LMON Low 

1 


6 

ms 


Note 1: Absolute maximum ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless otherwise 
specified are measured with respect to ground. 

Note 2; Limits are guaranteed by 100% testing, sampling, or correlation with worst-case test conditions. 

Note 3: Low Duty Cycle pulse testing is performed at T^^. 

Note 4; This does not include the current from the AUl pull down resistors, or LED status outputs. 

Note 5: LED drivers can sink up to 20mA, but VoL will be higher. 
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SYSTEM DESCRIPTION 


Figure 1 shows a typical block diagram of the ML4661 
in an internal or external FOIRL MAD. On one side of 
the transceiver is the AU interface and the other is the 
fiber optic interface. The AU interface is AC coupled 
when used In an external transceiver or can be AC or 
DC coupled when used in an Internal transceiver. The 
AU interface for an external transceiver includes 
Isolation transformers, some biasing resistors, and a 
voltage regulator for power. 


The fiber optic side of the transceiver requires an 
external fiber optic transmitter, fiber optic receiver, and 
the ML4621 or ML4622 fiber optic quantizers. The 
transmitter uses a current driven output that directly 
drives the fiber optic transmitter. The receive side of 
the transceiver accepts the data after passing through 
the fiber optic receiver and the ML4621/ML4622 fiber 
optic quantizer. 



FIBER OPTIC 
TRANSMITTER 


FIBER OPTIC 
RECEIVER 


Figure 1. FOIRL System Block Diagram 


AUl INTERFACE 

The AUl interface consist of 3 pair of signals, DO, Cl 
and Dl as shown in figure 1. The DO pair contains 
transmit data from the DTE which is received by the 
transceiver and sent out onto the fiber optic cable. The 
Dl pair contains valid data that has been either 
received from the fiber optic cable or looped back 
from the DO and output through the Dl pair to the 
DTE. The Cl pair indicates whether a collision has 
occurred. It is an output that oscillates at lOMFtz if a 
collision Jabber or SQE Test has taken place, otherwise 
it remains idle. 


When the transceiver is external, these three pair are 
AC coupled through isolation transformers, while an 
internal transceiver may be AC or DC coupled. For the 
AC coupled interface, DO which is an input must be 
DC biased (shifted up in voltage) for the proper 
common mode input voltage. The BIAS pin serves this 
purpose. When DC coupled, transmit output pair 
coming from the serial Interface provides this common 
mode voltage and the BIAS pin is not connected. 
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The two 390 1% resistors tied to the Tx+ and Tx- pins 
serve two purposes. First they provide a point to 
connect the common mode bias voltage as; discussed 
above, and they provide the proper matching 
termination for the AUl cable. The Cl and Dl pair, 
which are output from the transceiver to the AUl cable, 
require 3&0O pull dovvn resistors when terminated with 
a 780 load. However on a DTE card. Cl and Dl do not 
need 780 terminating resistors. This also meahs that the 
pull down resistors on Cl and Dl can be 1K0 or 
greater depending upon the particular manchester 
encoder/decoder chip used. Using higher value pull 
down resistors as in a DTE card will save power. 

The AUl drivers are capable of driving the full 50 
meters of cable length and have a rise and fall time of 
typically 3ns. In the idle state, the outputs go to the 
same voltage to prevent DC standing current in the 
isolation transformers. 

TRANSMISSION 

The transmit function consists of detecting the 
presence of data from the AUl DO input (Tx+, Tx-) arid 
driving that data onto the fiber optic LED transmitter. A 
positive signal on the Tx+ lead relative to the Tx- lead 
of the DO circuit will result in no current, hence the 
fiber optic LED is in a low light condition. When Tx+ is 
more negative than Tx- the ML4661 will sink current 
into the chip and the LED will light up. 

Before data will be transmitted onto the fiber optic 
cable from the AUl interface, it must exceed the 
squelch requirements for the DO pair. The Tx squelch 
circuit serves the function of preventing any noise from 
being transmitted onto the fiber. This circuit rejects 
signals with pulse widths less than typically 20ns 
(negative going), or with levels less than -250mV. Once 
Tx squelch circuit has unsquelched, it looks for the start 
of idle signal to turn on the squelch circuit again. The 
transmitter turns on the squelch again when it receives 
an input signal at TxlN± that is more positive than 
-250mV for more than approximately i80ns. 

At the start of a packet transmission, no more than 1 
bit is received from the DO circuit and not transmitted 
onto the fiber optic cable. The difference between 
start-up delays (bit loss plus steady-state propagation 
delay) for any two packets that are separated by 9.6//S 
or less will not exceed 200ns. 

The output stage of the transmitter is a current mode 
switch which develops the output light by sinking 
current through the LED into the TxOUT pin. Orice the 
current requirement for the LED is determined^ the 
RTSET resistor is selected. The following equation is 
used to select the correct RTSET resistor: 

RTSET = ( ) 220n 

'OUT ' 

The transmitter enters the idle state when it detects 
start of idle on Tx+ and Tx- input pins. After detecting 
the start of idle the transmitter switches to a 1MHz 
output idle signal. 


RECEPTION 

The input to the transceiver comes frorn the ECL 
outputs of the ML4621 or ML4622. At this point it is a 
clean digital ECL signal. At the start of packet reception 
no more than 3.5 bits are received from the fiber cable 
and not transmitted onto the Dl circuit. The receive 
squelch will reject frequencies lower than i.3MHz and 
input voltage less than i±175mV. The re ceive s quelch 
will also reject any receive Input if the LMONin P'ri 
is high. 

While In the unsquelch state, the receive squelch 
circuit looks for the start of idle signal at the end of the 
packet. Start of idle occurs when the Input signal 
remains idle for more than 160ns. When start of idle is 
detected, the receive squelch circuit returns to the 
squelch state and the start of idle signal is output on 
the Dl circuit (Rx+, Rx-). 

COLLISION 

Whenever the receiver and the transmitter are active at 
the same time the chip will activate the collision 
output. The collision output is a differential square 
wave matching the AUl specifications and capable of 
driving a 78Q load. The frequency of the square wave 
is 10MHz ± 15% with a 60/40 to 40/60 duty cycle. The 
collision oscillation turns on no more than 4.5 bit times 
after the collision condition begins, and turhs off 
between 4.5 and 7 bit times after the collision 
condition is removed. The collision oscillator also is 
activated during SQE Jest and jabber. 

LOOPBACK 

The loopback function emulates an Ethernet (10BASE-5) 
transceiver whereby the transmit data sent by the DTE 
is looped back over the AUl receive pair. Some LAN 
controllers use this loopback information to determine 
whether a MAU is connected by monitoring the carrier 
sense while transmitting. The software can use this 
loopback information to determine whether a MAU is 
connected to the DTE by checking the status of carrier 
sense after each packet transmission. 

When data Is received by the chip while transmitting, a 
collision condition exits. This will cause the collision 
oscillator to turn on within 4.5 bit times. The data on 
the Dl pair will remain with the DO pair until DO goes 
idle. At this point Dl will switch to RxIN if it is still 
active, or Dl will go idle if RxIN is idle. After a collision 
is detected, the collision oscillator will remain on until 
either DO or RxIN go idle. The exception to this is 
when DO starts, then RxIN starts, then DO stops, then 
RxIN stops. In this case the colllsiori oscillator will 
remain on until RxIN goes idle according to the IEEE 
FOIRL standard. 

Loopback cati be disabled by strapping LBDIS to Vcc- 
In this riiode the chip operates as a full duplex 
transmitter and receiver, and collision detection is 
disabled. A loopback through the transceiver can be 
accomplished by tying the fiber transmitter to 
the receiver. 
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SQE TEST FUNCTION (SIGNAL QUALITY ERROR) 

The SQE test function allows the DTE to determine 
whether the collision detect circuitry is functional. After 
each transmission, during the inter packet gap time, the 
collision oscillator will be activated for typically The 
SQE test will not be activated if the chip is in the low 
light state, or the jabber on state. 

For SQE to operate, the SQEN pin must be tied to Vco 
This allows the MAU to be interfaced to a DTE. The 
SQE test can be disabled by tying the SQEN pin to 
ground, for a repeater interface. 

JABBER FUNCrrON REQUIREMENTS 

The Jabber function prevents a babbling transmitter 
from bringing down the network. Within the 
transceiver is a jabber timer that starts at the beginning 
of each transmission and resets at the end of each 
transmission. If the transmission last longer than 20ms 
the jabber logic disables the transmitter, and turns on 
the collision signal COL+, COL-. When Tx+ and Tx- 
finally go idle, a second timer measures 0.5 seconds of 
idle time before the transmitter is enabled and collision 
is turned off. Even though the transmitter's disabled 
during jabber, the 1MHz idle signal is still transmitted. 


LED DRIVERS 

The ML4661 has five LED drivers. The LED driver pins 
are active low, and the LEDs are normally off. The LEDs 
are tied to their respective pins through a 5000 resistor 
to 5 Volts. 

The XMT, RCV and CLSN pins have pulse stretchers on 

them which enables the LEDs to be visibl e. Wh en_ 

transm ission or reception occurs, the LED XMT, RCV or 
CLSN status pins will activate low for several milli¬ 
seconds. If another transmit, receive or collision 
conditions occurs before the timer expires, the LED 
timer will reset and restart the timing. Therefore rapid 
eve nts will leave the LEDs continuously on. The JAB 
and LMON LEDs do not have pulse stretchers on them 
since their conditions occur long enough for the eye to 
see. 

LOW LIGHT CONDITION 

The LMO N LED o utput is used to Indicate a l ow ligh t 
condition. LMON is activated low when both LMONin 
is low and there are transitions on RxlN± less than 3//s 
apart. I f either one of these conditions do not exist, 
LMON will go high. 



Figure 2. Transmit and Loopback Timing 




Figure 3. Receive Timing 
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Figure 6. Collision Timing 



Figure Z SQE Timing 



Figure 8. Jabber Timing 
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TIMING DIAGRAMS (Continued) 



RxlN+ 

RxIN- 
LMONjn 

Figure 9. LED Timing 

ORDERING INFORMATION 
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ML4661EVAL 

FOIRL Evaluation Kit 


GENERAL DESCRIPTION 

The ML4661 EVAL is an external MAU designed to 
evaluate the ML4661/ML4662 FOIRL/1OBASE-FL 
transceiver and the ML4621/ML4624 fiber optic quantizer. 
The board interfaces to the AUl port through the 
transformer and to the fiber optic cable through the HP 
fiber optic transmitter and receiver. 

FEATURES 

■ Jumper switches to enable or disable Loop Back. 

■ jumper switches to enable or disable SQE and Jabber 
functions. 

■ Capable of adjusting the receive sensitivity. 

■ 6 staus LEDs. 

■ Current consumption: 260-290mA typically 


KIT COMPONENTS 

The ML4661 EVAL kit includes the following items to help 
the customer speed up their design, layout and debug 
process. 

1) BLANK PCB: 4 layer board with separate power and 
ground plane (inner layers). 

2) COMPONENT KIT: Includes the key components as 
listed below. The rest of the components should be 
provided by the customer based on the parts list of the 
ML4661EVAL. 

■ HFBR1414: HP fiber Optic LED transmitter. 

■ HFBR2416: HP fiber optic pin diode receiver. 

■ Two 28 pin sockets for the ML4661 and the 
ML4621. 

■ ML4661CQ: FOIRL transceiver. 

■ ML4621CQ: Fiber Optic quantizer. 

■ PE64103: PULSE AUl coupling transformer. 

■ AUl CONNECTOR: 15 pins D SUB connector. 

3) DOCUMENTATION: Includes the following items: 

■ Demo board description. 

■ Block Diagram of the DEMO board. 

■ Schematic of the demo board. 

■ Lay out of the demo board. 

■ Parts list of the ML4661 EVAL. 


BLOCK DIAGRAM 



+Vrf -Vrf 
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10BASE-FL Transceiver 


GENERAL DESCRIPTION 

The ML4662 10Base-FL transceiver combined with the 
ML4622 or ML4624 fiber optic quantizers provides all 
of the functionality required to implement both an 
Internal and external IEEE 802.3 lOBase-FL MAU. The 
ML4662 offers a Standard IEEE 802.3 AU interface that 
allows it to be directly connected to industry standard 
manchester encoder/decoder chips or an AUl cable. 

The ML4662 provides a highly integrated solution that 
requires a minimal number of external components, 
and is compliant to the IEEE 802.3 lOBase-FL standard. 
The transmitter offers a current driven output that 
directly drives a fiber optic LED transmitter. Jabber, 
IMFJz idle signal, and SQE Test are fully integrated 
onto the chip. 

The receiver accepts an ECL level Input coming from 
the ML4622 or ML4624 fiber optic quantizers. The 
1MHz idle signal is removed and the AUl output is 
activated when the receive squelch criteria is 
exceeded. A Link Monitor function is also provided for 
low light detection. 


FEATURES 

■ Combined with the ML4622 or ML4624, offers a 
complete implementation of an lOBase-FL Medium 
Attachment Unit (MAU) 

■ Pin compatible with the ML4661 FOIRL Transceiver 

■ Incorporates an AU interface for use in an external 
MAU or an internal MAU 

■ Single+5 volt supply ±10% 

■ No crystal or clock required 

■ On-chip Jabber, 1MHz idle, and SQE Test with 
enable/disable option 

■ Five network status LED outputs 

■ Available In a 28-pin PCC package 

■ Semi-standard option available 



+5V 


PIN CONNECTION 


COL- CLSN BIAS 
SQEN/JABD 1 COL+ | JAB | RxlN+ 


CND [ 5 
Rx+ 6 
Rx-[ 7 
8 

Vcc [ 9 
Tx+ [ 10 
Tx- [ 11 


1 28 27 26 


12 13 14 15 16 17 18 


25 ] RxIN- 
24 ] IMON 
23 ] LBDIS 
22 ] LMONin 
21 ] CND 
20 ] CND 
19 ] NC/PEAK 


I RRSET I I VccTx | 

RESET NC ^ TxOUT 
TOP VIEW 
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PIN DESCRIPTION 


PIN # 

NAME 

FUNCTION 

1 

CLSN 

Indicates that a collision is taking 
place. Active low LED driver, open 
collector. Event is extended with 
internal timer for visibility. 

2 

COL+ 

Gated 10MHz oscillation used to 

3 

COL- 

indicate a collision, SQE test, or 
jabber. Balanced differential line 
driver outputs that meet AUl 
specifications. 

4 

SQEN/JABD 

SQE Test Enable, Jabber Disable. 
When tied low, SQE test is 
disabled, when tied high SQE test 
is enabled. When tied to BIAS 
both SQE test and Jabber are 
disabled. 

5 

GND 

Ground Reference. 

6 

Rx+ 

Manchester encoded receive data 

7 

Rx- 

output to the local device. 
Balanced differential line driver 
outputs that meet AUl 
specifications. 

8 

Vcc 

+5 Volt power input. 

9 

Vcc 


10 

Tx+ 

Balanced differential line receiver 

11 

Tx- 

inputs that meet AUl 
specifications. These inputs may 
be transformer, AC or DC 
coupled. When transformer or AC 
coupled, the BIAS pin is used to 
set the common mode voltage. 

12 

RTSET 

Sets the current driven out of the 
transmitter. 

13 

RRSET 

A 1% 61.9 KQ resistor tied from 
this pin to Vcc sets the biasing 
currents for internal nodes. 

14 

NC 

No Connection. 

15 

XMT 

Indicates that transmission is 
taking place. Active low LED 
driver, open collector. Event is 
extended with internal timer for 
visibility. 

16 


Indicates that the transceiver is 
receiving a frame from the optical 
input. Active low LED driver, open 
collector. Event is extended with 
internal timer for visibility. 

17 

VccTx 

+5 volt supply for LED driver. 

18 

TxOUT 

Fiber optic LED driver output. 


PIN # NAME 

19 NC/PEAK 


20 GND 

21 GND 

22 LMONin 


23 LBDIS 


24 LMON 


25 RxIN- 

26 RxlN+ 


27 BIAS 

28 JAB 


j^Mibro Linear 


FUNCTION 

Normally this pin can be left 
floating, (tying it to GND or Vcc's 
OK too.) Some fiber optic LEDs 
may need an additional peaking 
circuit to speed-up the rise and 
fall times. For this case, fie pin 19 
(NC/PEAK) to pin 18 (TxOUT). 
When using the HP HFBR 1414, let 
pin 19 float. Using the peaking 
circuit may deteriorate optical 
overshoot and undershoot. 

Ground Reference. 

Ground Reference. 

Link Monitor Input from, the 
ML4622 or ML4624. This input 
must be low (active) for the 
receiver to unsquelch. 

Loopback Disable. When this pin 
is tied to Vqo the AUl transmit 
pair data is not looped back to 
the AUl receive pair, and collision 
is disabled. When this pin is tied 
to GND (normal operation), the 
AUl transmit pair data is looped 
back to the AUl receiver pair. 

Link Monitor LED status output. 
This pi n is pulled low when 
LMONin input is low and there 
are transitions on RxlN± 
indicating an idle sig nal or active 
data. If either LMONin goes high 
or tran sitions cease on RxlN±, 
LMON will go high. Active low 
LED driver, open collector. 

Fiber Optic receive pair. This ECL 
level signal is received from the 
ML4622 or ML4624 fiber optic 
quantizer. When this signal 
exceeds the receive sq uelch 
requirements, and the LMONin 
input is low, the receive data Is 
buffered and sent to the AUl 
receive outputs. 

BIAS output voltage for the AUl 
Tx+, Tx- inputs when they are AC 
coupled. 

jabber network status LED. When 
in the Jabber state, this pin will be 
low and the transmitter will be 
disabled. In the Jabber "OK" state 
this pin will be high. Open 
collector TTL output. 
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ABSOLUTE MAXIMUM RATINGS 

(Note 1) 

OPERATING CONDITIONS 

(Note 2) 


Power Supply Voltage Range 

V(X ... 

Input Voltage Range 

Digital Inputs (SQEN, LMON,m, LBDIS) . 

Tx+, Tx-, RxlN+, RxIN- .. 

Input Current 

....... -0.3 to 6V 

. -0.3 to V( 2 Q 

. -0.3 to V(^(;; 

Supply Voltage (Vcc) ... .. • 

LED on Current ...:.... 

RRsn .... 

RTSET ... ..:.. 

.... 5V + 10% 

. 10mA 

. 61.9KQ ± 1% 
.. 162Q±1% 

RRSET, RTSET, JAB, CLSN, XMT, RCV, LMON 
Output Current 

TxOUT ;...... 

Storage Temperature .. 

Lead temperature (Soldering 10 seconds) _ 

... 60mA 

.. 70mA 

-65° C to +150°C 
.. 260°C 




ELEGTRICAL CHARACTERISTICS 

Unless otherwise specified, Ta = 0°C to 70°C, Vcc = 5V ± 10% (Note 3) 


PARAMETER 

CONDITIONS 

MIN 

TVP 

MAX 

UNITS 

Power Supply Current Icc^ 

While Transmitting 

Vcc = 5V, RTSET = 1620 
(Note 4) 



200 

mA 

LED Drivers: Vql 

Iql = 10mA (Note 5) 



0.8 

V 

Transmit Peak Output Current (Note 6) 

RTSET = 1620, 

Vcc = VccTx = 5V ± 5% 

47 

52 

57 

mA 

Transmit Squelch Voltage Level (Tx+, Tx-) 


-300 

-250 

-200 

mV 

Common Mode Input Voltage (Tx±, RxlN±) 


2 


Vcc - 0.5 

V 

Differential Output Voltage (Rx±, CQL±) 


±550 


±1200 

mV 

Common Mode Output Voltage (Rx±, COL±) 



4.0 


V 

Differential Output Voltage Imbalance 
(Rx±, COL±) 




±40 

mV 

BIAS Voltage 



3.2 


v' 

SQE/JABD 

SQE Test Disable 
jabber Disable 

Both Enabled 

1.5 

Vcc - 0.5 


.3 

Vcc - 2 

V 

LBDIS Threshold 

,v - ■' ■ ' ■ ■■ 

---1 

Disabled 

Enabled 

Vcc -0.10 


1 

V 
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AC ELECTRICAL CHARACTERISTICS 


SYMBOL 

PARAMETER 

MIN 

TYP 

MAX 

UNITS 

Transmit 

tjXNPW 

Transmit Turn-On Pulse Width 


20 


ns 

tjXFPW 

Transmit Turn-Off Pulse Width from Data to Idle 

400 


2100 

ns 

tjXLP 

Transmit Loopback Startup Delay 



500 

ns 

tlXODY 

Transmitter Turn-On Delay 



100 

ns 

tjXIDF 

-^- 1 

Transmit Idle Frequency 

0.85 


1.25 

MHz 

tjXDC 

Transmit Idle Duty Cycle 

45 


55 

% 

tjXSDY 

Transmit Steady State Propagation Delay 


15 

50 

ns 

tjxj 

Transmitter jitter into 310 Load 



+1.5 

ns 


Receive 


tRXSFT 

Receive Squelch Frequency Threshold 

2.51 


4.5 

MHz 

^RXODY 

Receive Turn-On Delay 



250 

ns 

tRXFX 

Last Bit Received to Slow Decay Output 

230 

300 


ns 

tRXSDY 

Receive Steady State Propagation Delay 


15 

50 

ns 

tRXJ 

Receiver Jitter 



±1.5 

ns 

tAR 

Differential Output Rise Time 20% to 80% (Rx+, COL±) 


4 


ns 

Uf 

Differential Output Fall Time 20% to 80% (Rx±, COL+) 


4 


ns 


Collision 


tcPSQE 

Collision Present to SQE Assert 

0 


350 

ns 

tsQEXR 

Time for SQE to Deactivate After Collision 

0 


700 

ns 

tCLF 

Collision Frequency 

8.5 


11.5 

MHz 

tCLPDC 

Collision Pulse Duty Cycle 

40 

50 

60 

% 

tSQEDY 

SQE Test Delay (Tx Inactive to SQE) 

0.6 


1.6 

IJS 

tSQETD 

SQE Test Duration 

0.5 

1.0 

1.5 

IJS 


Jabber and LED Timing 


tjAD 

jabber Activation Delay 

20 

70 

150 

ms 

tjRT 

— 

jabber Reset Unjab Time 

250 

450 

750 

ms 

tjSQE 

Delay from Outputs Disabled to Collision Oscillator On 


100 


ns 

tlED 

CLSN, XMIT On Time 

8 

16 

32 

ms 

tlLPH 

Low Light Present to LMON High 

3 

5 

10 

/JS 

tLLCL 

Low Light Clear to LMON Low 

250 


750 

ms 


Note 1; Absolute maximum ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless otherwise 
specified are measured with respect to ground. 

Note 2: Limits are guaranteed by 100% testing, sampling, or correlation with worst-case test conditions. 

Note 3: Low Duty Cycle pulse testing is performed at T^. 

Note 4: This does not include the current from the AUl pull down resistors, or LED status outputs. 

Note 5: LED drivers can sink up to 20mA, but Vql will be higher. 

Note 6; Does not include prebias current for fiber optic LED which would typically be 3mA. 
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SYSTEM DESCRIPTION 

Figure 1 shows a schematic diagram of the ML4662 in 
an internal or external 10Base-FL MALI. On one side of 
the transceiver is the AU interface and the other is the 
fiber optic interface. The AU interface is AC coupled 
when used in an external transceiver or can be AC or 
DC coupled when used in an internal transceiver. The 
AU interface for an external transceiver includes 
isolation transformers, some biasing resistors, and a 
voltage regulator for power. 

The fiber optic side of the transceiver requires an 
external fiber optic transmitter, fiber optic receiver, and 
the ML4622 or ML4624 fiber optic quantizers. The 
transmitter uses a current driven output that directly 
drives the fiber optic transmitter. The receive side of 
the transceiver accepts the data after passing through 
the fiber optic receiver and the ML4622/ML4624 fiber 
optic quantizer. 

AU INTERFACE 

The AUl interface consist of 3 pair of signals, DO, Cl 
and Dl as shown in figure 1. The DO pair contains 
transmit data from the DTE which is received by the 
transceiver and sent out onto the fiber optic cable. The 
Dl pair contains valid data that has been either 
received from the fiber optic cable or looped back 
from the DO and output through the Dl pair to the 
DTE. The Cl pair indicates whether a collision has 
occurred. It Is an output that oscillates at lOMFtz if a 
collision Jabber or SQE Test has taken place, otherwise 
it remains idle. 

When the transceiver is external, these three pair are 
AC coupled through isolation transformers, while an 
internal transceiver may be AC or DC coupled. For the 
AC coupled interface, DO which is an input must be 
DC biased (shifted up in voltage) for the proper 
common mode input voltage. The BIAS pin serves this 
purpose. When DC coupled, transmit output pair 
coming from the serial interface provides this common 
mode voltage and the BIAS pin Is not connected. 

The two 390 1% resistors tied to the Tx+ and Tx- pins 
serve two purposes. First they provide a point to 
connect the common mode bias voltage as discussed 
above, and they provide the proper matching 
termination for the AUl cable. The Cl and Dl pair, 
which are output from the transceiver to the AUl cable, 
require 3600 pull down resistors when terminated with 
a 780 load. FHowever on a DTE card. Cl and Dl do not 
need 780 terminating resistors. This also means that the 
pull down resistors on Cl and Dl can be 1K0 or 
greater depending upon the particular manchester 
encoder/decoder chip used. Using higher value pull 
down resistors as in a DTE card will save power. 

The AUl drivers are capable of driving the full 50 
meters of cable length and have a rise and fall time of 
typically 4ns. In the idle state, the outputs go to the 
same voltage to prevent DC standing current in the 
isolation transformers. 


TRANSMISSION 

The transmit function consists of detecting the 
presence of data from the AUl DO input (Tx+, Tx-) and 
driving that data onto the fiber optic LED transmitter. A 
positive signal on the Tx+ lead relative to the Tx- lead 
of the DO circuit will result in no current, hence the 
fiber optic LED is in a low light condition. When Tx+ Is 
more negative than Tx- the ML4662 will sink current 
into the chip and the LED will light up. 

Before data will be transmitted onto the fiber optic 
cable from the AUl Interface, it must exceed the 
squelch requirements for the DO pair. The Tx squelch 
circuit serves the function of preventing any noise from 
being transmitted onto the fiber. This circuit rejects 
signals with pulse widths less than typically 20ns 
(negative going), or with levels less than -250mV. Once 
Tx squelch circuit has unsquelched, it looks for the 
start of Idle signal to turn on the squelch circuit again. 
The transmitter turns on the squelch again when it 
receives an input signal at TxlN± that Is more positive 
than -250mV for more than approximately 180ns. 

At the start of a packet transmission, no more than 1 
bit is received from the DO circuit and not transmitted 
onto the fiber optic cable. The difference between 
start-up delays (bit loss plus steady-state propagation 
delay) for any two packets that are separated by 9.6//S 
or less will not exceed 200ns. 

FIBER OPTIC LED DRIVER 

The output stage of the transmitter is a current mode 
switch which develops the output light by sinking 
current through the LED into the TxOUT pin. Once the 
current requirement for the LED is determined, the 
RTSET resistor is selected. The following equation is 
used to select the correct RTSET resistor: 

/55mA\^^^^ 

RTSET = -- 1620 

' Iqut ' 

The transmitter enters the idle state when it detects 
start of Idle on Tx+ and Tx- input pins. After detecting 
the start of idle the transmitter switches to a IMFIz 
output idle signal. 

The output current is switched through the TxOUT pin 
during the on cycle and the VccTx pin during the off 
cycle as shown In figure 2. Since the sum of the current 
in these two pins is constant, VccTx should be 
connected as close as possible to the Vcc connection 
for the LED. 


VccTx TxOUT 



Figure 2. Fiber Optic LED Driver Structure. 
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Vcc 



Figure 3. Converting Optical LED Driver Output to 
Differential ECL. 

If not driving an optical LED directly, a differential 
output can be generated by tying resistors from VccTx 
and TxOUT to Vcc as shown in figure 3. The minimum 
voltage on these two pins should not be less than 
Vcc-2V. 

RECEPTION 

The input to the transceiver comes from the ECL 
outputs of the ML4622 or ML4624. At this point it is a 
clean digital ECL signal. At the start of packet reception 
no more than 2.5 bits are received from the fiber cable 
and not transmitted onto the Dl circuit. The receive 
squelch will reject frequ encies lower than 2.51 MHz and 
any receive input if the LMONin pin is high. 

While in the unsquelch state, the receive squelch 
circuit looks for the start of idle signal at the end of the 
packet. Start of idle occurs when the input signal 
remains idle for more than 160ns. When start of idle is 
detected, the receive squeilch circuit returns to the 
squelch state and the start of idle signal is output on 
the Dl circuit (Rx+, Rx-). 

COLLISION 

Whenever the receiver and the transmitter are active at 
the same time the chip will activate the collision 
output, except when loopback is disabled (LBDIS = Vcd- 
The collision output Is a differential square waye 
matching the AUI specifications and capable of driving 
a 780 load. The frequency of the square wave is 
10MHz ± 15% with a 60/40 to 40/60 duty cycle. The 
collision oscillator also Is activated during SQE Test and 
Jabber. 

LOOPBACK 

The loopback function emulates a lOBase-T transceiver 
whereby the transmit data sent by the DTE is looped 
back over the AUl receive pair. Some LAN controllers 
use this loopback information to determine whether a 
MAU is connected by monitoring the carrier sense 
while transmitting. The software can use this loopback 
information to determine whether a MAU is connected 
to the DTE by checking the status of carrier sense after 
each packet transmission. 


When data is received by the chip while transmitting, a 
collision condition exits. This will cause the collision 
oscillator to turn on and the data on the Dl pair will 
follow RxlN±. After a collision Is detected, the collision 
oscillator will remain on until either DO or RxIN go 
Idle. 

Loopback can be disabled by strapping LBDIS to 
Vco In this mode the chip operates as a full 
duplex transmitter and receiver, and collision detection 
is disabled. A loopback through the transceiver can be 
accomplished by tying the fiber transmitter to the 
receiver. 

SQE TEST FUNCTION (SIGNAL QUALITY ERROR) 

The SQE test function allows the DTE to determine 
whether the collision detect circuitry is functional. After 
each transmission, during the inter packet gap time, the 
collision oscillator will be activated for typically ^/JS. The 
SQE test will not be activated if the chip is in the low 
light state, or the jabber on state. 

For SQE to operate, the SQEN pin must be tied to Vcc- 
This allows the MAU to be interfaced to a DTE. The 
SQE test can be disabled by tying the SQEN pin to 
ground, for a repeater interface. 

JABBER FUNCTION REQUIREMENTS 

The Jabber function prevents a babbling transmitter 
from bringing down the network. Within the 
transceiver is a Jabber timer that starts at the beginning 
of each transmission and resets at the end of each 
transmission. If the transmission last longer than 20ms 
the jabber logic disables the transmitter, and turns on 
the collision signal COL+, COL-. When Tx+ and Tx- 
finally go idle, a second timer measures 0.5 seconds of 
idle time before the transmitter is enabled and collision 
is turned off. Even though the transmitter is disabled 
during jabber, the 1MHz idle signal is still transmitted. 

LED DRIVERS r 

The ML4662 has five LED drivers. The LED driver pins 
are active low, and the LEDs are normally off, The LEDs 
are tied to their respective pins through a 5000 resistor 
to 5 Volts. 

The XMT, RCV and CLSN pins have pulse stretchers on 

them which enables the LEDs to be visibl e. Wh en_ 

transm ission or reception occurs, the LED XMT, RCV or 
CLSN status pins will activate low for several milli¬ 
seconds. If another transmit, receive or collision 
conditions Occurs before the timer expires, the LED 
timer wilF reset and restart the timing. Therefore rapid 
eve nts will leave the LEDs continuously on. The JAB 
and LMON LEDs do not have pulse stretchers on them 
since their conditions occur long enough for the eye to 
see. 
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LOW LIGHT CONDITION 

The LMO N LED o utput is used to indicate a l ow ligh t 
condition. LMON is activated low when both LMONin 
is low and there are transitions on RxlN± less than ijjs 
apart. I f either one of these conditions do not exist, 
LMON will go high. 

DIFFERENCES BETWEEN 10BASE-FL AND FOIRL 

10Base-FL is an improved version of the original FOIRL 
standard. The lOBase-FL standard allows backward 
compatibility of a 10Base-FL transceiver with a FOIRL 
transceiver. The main improvements incorporated Into 
10Base-FL are that it can attach to a DTE by adding the 
SQE test, and the distance has been increased from 
1Km to 2Km. The other differences are much more 
subtle. 

1. SQE Test The FOIRL standard did not include the 
option of attaching a fiber transceiver to a DTE. Adding 
the SQE test to 10Base-FL enables a 10Base-FL 
transceiver to attach to a DTE. Micro Linear's ML4661 
FOIRL transceiver has a SQE test, but this Is beyond 
the scope of the FOIRL standard. 

2. 0 to at Least 2Km Distance: The FOIRL standard 
specifies a 1Km distance while 10Base-FL specifies 2Km. 
The additional 1Km distance for 10Base-FL comes from 
an increased flux budget for the cable of 3.5dB. This 
3.5dB increase came from an increase of 2.5dB 
sensitivity for the receiver and a 1dB improvement for 
the transmitter. The following table illustrates the 
transmit and receive power requirements for the two 
standards. Note: FOIRL specifies optical power in peak 
and 10Base-FL specifies it in average. Subtracting 3dB 
from peak will give the average. In the table below the 
FOIRL specifications were converted from peak to 
average power. 


Transmit/Receive 
Average Power 

MIN 

MAX 

Conditions 

FOIRL 

Transnnitter 

-12clBm 

-21 dBm 


Receiver 

-12dBm 

-30dBm 

BER < 10-10 

1 DBase-FL 

Transmitter 

-12dBm 

-20dBm 


Receiver 

-12dBm 

-32.5dBm 

BER <10-0 


3. MALI State Diagrams are Different: The state diagrams 
for 10Base-FL are similar to 10Base-T, while the state 
diagrams for FOIRL are slightly different. The 
differences are in the AUl loopback, and in the link 
integrity function. 

AUl Loopback —In 10Base-FL, the DO to Dl 
loopback is always disabled during a collision, and 
optical receive data is passed through to Dl. For 
FOIRL there are some cases where loopback 
continues (i.e. DO looped to Dl) during a collision, 
and others where loopback is disabled during a 
collision. 10Base-FL is identical to lOBase-T in this 
case. Please refer to the IEEE standards for greater 
detail. 

Link Integrity — lOBase-FL adds an additional state to 
the Link Integrity Test function that will not allow an 
exit from the Low Light State until both the 
transmitter and receiver are idle. In FOIRL It is 
possible to exit from the Low Light State while still 
receiving data. 

MAU Timing Differences — The timing differences 
betvveen 10Base-FL and FOIRL relate to propagation 
delays, start-up delays, and collision deassert delays. 
The following table provides the details of these 
parameters. 


Timing Parameter 

Differences 

FOIRL 
(bit times) 

lOBase-FL 
(bit times) 

ORDJnput to input on Dl 

Steady State Prop Delay 

0.5 

2 

Start-up Delay 

3.5 

5 

output on DO to OTD-Output 

• Steady State Prop Delay 

0.5 

2 

Start-up Delay 

3.5 

5 

Collision Deassert to 

SQE Deassert minimum 

4.5 

0 


OTD — Optical Transmit Data 
ORD — Optical Receive Data 
Dl, DO, Cl — AUl Interface Signals 
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TIMING DIAGRAMS 
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Figure 4. Transmit and Loopback Timing 
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Figure 5. Receive Timing 
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Figure 6. Collision Timing 
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Figure 11. LED Timing 
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ORDERING INFORMATION 


PART NUMBER 

PIN COUNT 

PACKAGE 

ML4662CQ 

28 Pins 

Molded PCC (Q28) 
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lOBASE-FL Evaluation Kit 


GENERAL DESCRIPTION 

The ML4662EVAL is an external MAU designed to 
evaluate the ML4661/ML4662 FOIRL/10BASE-FL 
transceiver and the ML4622 fiber optic quantizer. The 
board interfaces to the AUl port through the transformer 
and to the fiber optic cable through the HP fiber optic 
transmitter and receiver. 

The ML4662EVAL package includes the following items to 
help the customer speed up their design, layout and 
debug process. 

FEATURES 

■ Jumper switches to enable or disable Loop Back. 

■ Jumper switches to enable or disable SQE and Jabber 
functions. 

■ Capable of adjusting the receive sensitivity. 

■ 6 status LEDs. 

■ Current consumption: 260-290mA Typically 


KIT COMPONENTS 

The ML4661 EVAL kit includes the following items to help 
the customer speed up their design, layout and debug 
process. 

1) BLANK PCB: 4 layer board with separate power and 
ground plane (inner layers). 

2) COMPONENT KIT: Includes the key components as 
listed below. The rest of the components should be 
provided by the customer based on the parts list of the 
ML4662EVAL. 

■ HFBR1414: HP fiber Optic LED transmitter. 

■ HFBR2416: HP fiber optic pin diode receiver. 

■ One 28 pind sockets for the ML4661. 

■ ML4662CQ: 10BASE-FL transceiver. 

■ ML4622CP: Fiber Optic quantizer. 

■ PE64103: PULSE ALJI coupling transformer. 

■ AUl CONNECTOR: 15 pins D SUB connector. 

3) DOCUMENTATION: Includes the following items: 

■ Demo board description. 

■ Block Diagram of the DEMO board. 

■ Schematic of the demo board. 

■ Lay out of the demo board. 

■ Parts list of the ML4662EVAL. 
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Single Chip lOBASE-FL Transceiver 


GENERAL DESCRIPTION 

The ML4663 Single Chip 10BASE-FL Transceiver 
integrates both a ML4662 lOBASE-FL Transceiver with a 
ML4622 Fiber Optic Data Quantizer to implement a 
highly integrated solution for lOBASE-FL transceivers. 
ML4663 offers a standard IEEE 802.3 AU interface that 
allows it to be directly connected to industry standard 
manchester encoder/decoder chips or an AUl connector. 

The ML4663 provides a highly integrated solution that 
requires a minimal number of external components, and is 
compliant to the IEEE 802.3 10BASE-FL standard. The 
transmitter offers a current drive output that directly drives 
a fiber optic LED transmitter. The receiver offers a highly 
stable fiber optic data quantizer capable of accepting 
input signals as low as 2mVp.p with a 55dB dynamic 
range. 

The transmitter automatically inserts IMFiz signal during 
idle time and removes this signal on reception. Low Light 
is continuously monitored for both activity as well as 
power level. Five LED status indicators monitor error 
conditions as well as transmissions, receptions and 
collisions. 


FEATURES 

■ Single chip solution for lOBASE-FL internal or external 
Medium Attachment Units (MAUs) 

■ Incorporates an AU interface 

■ Highly stable data quantizer with 55dB input 
dynamic range 

■ Input sensitivity as low as 2mVp.p 

■ Current driven fiber optic LED driver for accurate 
launch power 

■ Single -h5 volt supply 

■ No crystal or clock required 

■ Five network status LED outputs 

■ Available in 28 pin PCC package 

■ Semi-Standard option available 
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ML4663 

PIN CONNECTION 

28-Pin PCG Q-28 
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PIN DESCRIPTION 


PIN NAME FUNCTION 


PIN NAME FUNCTION 


1 CLSN Indicates that a collision is taking 

place. Active low LED driver, open 
collector. Event is extended with 
internal timer for visibility. 

2 COL+ Gated 10MHz oscillation used to 

3 COL- indicate a collision, SQE test, or 

jabber. Balanced differential line 
driver outputs that meet AUl 
specifications. 

4 Cjimer a capacitor from this pin to Vcc 

determines the Link Monitor 
response time. 

5 SQEN/JABD SQE Test Enable, jabber Disable. 

When tied low, SQE test is disabled, 
when tied high SQE test is enabled. 
When tied to 2.0V both SQE test and 
jabber are disabled. 

6 Rx+ Manchester encoded receive data 

7 Rx- output to the local device. Balanced 

differential line driver outputs that 
meet AUl specifications. 


15 XMT Indicates that transmission is taking 

place. Active low LED driver, open 
collector. Event is extended with 
internal timer for visibility. 

16 RCV Indicates that the transceiver is 

receiving a frame from the optical 
input. Active low LED driver, open 
collector. Event is extended with , 
internal timer for visibility. , 

17 VccTx +5 volt supply for fiber optic LED 

driveC 

18 TxOUT Fiber optic LED driver output. 

19 GND Ground Reference. 

20 GND Ground Reference. 

21 Vdc An external capacitor on this pin 

integrates an error signal which 
nulls the offset of the input 
amplifier If the DC feedback loop is 
not being used, this pin should be 
connected to Vref- 


8 LBDIS Loopback Disable. When this pin is 

tied to Vco the AUl transmit pair 
data is not looped back to the AUl 
receive pair, and collision is disabled. 
When this pin is tied to GND 
(normal operation) or left floating, the 
AUl transmit pair data is looped back 
to the AUl receiver pair, except 
during collision. 

9 Vcc +5 volt power input. 

10 Tx+ Balanced differential line receiver 

11 Tx- inputs that meet AUl specifications. 

These inputs may be transformer or 
capacitively coupled. The Tx Input 
pins are internally DC biased for AC 
coupling. 


22 Vref 

23 Vjhadj 


A 2.5V reference with respect to 
GND. 

This input pin sets the link monitor 
threshold. 




24 AGND Analog Filtered Ground. 

25 Vifsj- This input pin should be 

capacitively coupled to the input 
source or to filtered AVcc- (The 
input resistance is approximately 
1.3kQ.) 

26 V|fsj+ This input pin should be 

capacitively coupled to the input 
source or to filtered AVcc- (The 
input resistance is approximately 
1.3ka) 


12 RTSET Sets the current driven output of the 

transmitter. 

13 RRSET A 1 % 61.9kl2 resistor tied from this 

pin to Vcc sets the biasing currents 
for internal nodes. 

14 LMON Link Monitor 'Tow Light" LED status 

output. This pin is pulled low when 
the voltage oh the V|n+, V|n- inputs 
exceed the minimum threshold set by 
the Vjhadj PiTi/ there are 
transitions on V||m+, Vim- indicating 
an idle signal or active data. If either 
the voltage on the V|n+, Vim- inputs 
fall below the minimum threshold or 
transitio ns cease on Vin+, V|n-, 
LMON will go high. Active low LED 
driver, open collector. 


27 AVcc Analog Filtered+5 volts. 

28 jAB jabber network status LED. When in 

the jabber state, this pin will be low 
and the transmitter will be disabled. 
In the jabber "OK" state this pin will 
be high. Active low LED, open 
collector. 
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ABSOLUTE MAXIMUM RATINGS 

(Note.D 

Power Supply Voltage Range 

Vcc ..... ......:-0.3 to 6V 

Input Voltage Range 

Digital Inputs (SQEN, LBDIS)..-0.3 to Vcc 

Tx+, Tx-, Vjfs|+, V|fNj—...—0.3 to Vcc 

Input Current___ . 

RRSET, RTSET, JAB/CLSN, XMT, RCV, LMON.60mA 

Output Current 

TxOUT .........70mA 

Storage Temperature Range ...-65°C to +150°C 

Lead Temperature (soldering 10 sec).260°C 


OPERATING CONDITIONS 


Supply Voltage (Vcc) 

LED on Current. 

RRSET........... 

RTSET... 


..5V± 5% 

.10mA 

61.9I<^2± 1% 
...162Q± 1% 


ELECTRICAL CHARACTERISTICS 

Unless Otherwise specified, Ta = 0°C to 70°C, Vcc = VccTx = 5V± 5% (Note 2 and 3) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Power Supply Current Ice- 
While Transmitting 

Vcc = 5V, RTSET = 1 62Q (Note 4) 



220 

mA 

LED Drivers: Vqc 

IOL = 10mA(Note5) 



0.8 

V 

Transmit Peak Output Current (Note 6) 

RTSET = 162ti 

47 

52 

57 

mA 

Transmit Squelch Voltage Level (Tx+/Tx-) 


-300 

-250 

-200 

mV 

Differential Output Voltage (Rx±, COL±) 


±550 


±1200 

mV 

Common Mode 

Output Voltage (Rx±, COL±) 



4.0 


V 

Differential Output 

Voltage Imbalance (Rx±, COL±) 




±40 

mV 

SQE/JABD 

SQE Test Disable 



0.3 

V 


Both Disabled 

1.5 


Vcc-2 

V 


Both Enabled 

d 

1 



V 

LBDIS Threshold 

Disabled 

Vcc-0.1 



V 


Enabled 



1 

V 

Common Mode Voltage (Tx+, Tx-) 



3.5 


V 

Common Mode Voltage (V|n+/ Vim-) 



1.65 


V 

Reference Voltage 


2.35 

2.45 

2.55 

V 

Vref Output Source Current 




5 ■ 

mA 

Amplifier Gain 



100 


VA^ 

Input Signal Range 


2 


1600- 

mVp_p 

External Voltage at Vxhadj to Set Vjh 


0.5 


2.7 

V 

Input Offset 

Vdc = Vref (DC loop active) 


3 


mV 

Input Referred Noise 

50MHz BW 


25, 


pV 

Input Resistance 

V|N+. V,n- 

0.8 

1.3 

2.0 

ka 

Input Bias Current of Vjhadj 


-200 

10 

-f200 

pA 

Input Threshold Voltage 

Vthadj = Vref (Note 7) , 

5 

6 

7 

mVp_p 

Hysteresis 



20 


% 
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AC ELECTRICAL CHARACTERISTICS 


SYMBOL 

PARAMETER 

MIN 

TYP 

MAX 

UNITS 

Transmit 

tTXNPW 

Transmit Turn-On Pulse Width 


20 


ns 

tTXFPW 

Transmit Turn-Off Pulse Width from Data to Idle 

400 


2100 

ns 

tTXLP 

Transmit loopback Start-up Delay 



500 

ns 

tTXODY 

Transmit Turn-On Delay 



100 

ns 

tTXIDF 

Transmit Idle Frequency 

0.85 


1.25 

MHz 

tTXDC 

Transmit Idle duty Cycle 

45 


55 

% 

tTXSDY 

Transmit Steady State Propagation Delay 


15 

50 

ns 

tTXJ 

Transmit Jitter into 31Q Load i 


' 

±1.5 

ns 


Receive 


tRXSFT 

Receive Squelch Frequency Threshold 

2.51 


4.5 

MHz 

tRXODY 

Receive Turn-On Delay 



270 

ns 

tRXFX 

Last Bit Received to Slow Decay Output 

230 

300 


ns 

tRXSDY 

Receive Steady State Propagation Delay 


15 

50 

ns 

tRXJ 

Receive Jitter 



±1.5 

ns 

tAR 

Differential Output Rise Time 20% to 80% (Rx±, COL±) 


4 


ns 

Uf 

Differential Output Fall Time 20% to 80% (Rx±, COL±) 

_ 

4 


ns 


Collision 


tCPSQE 

Collision Present to SQE Assert 

0 


350 

ns 

tSQEXR 

Time for SQE to Deactivate After Collision 

0 


700 

ns 

tCLF 

Collision Frequency 

8.5 


11.5 

MHz 

tCLPDG 

Collision Pulse Duty Cycle 

40 

50 

60 

% 

tSQEDY 

SQE Test Delay (Tx Inactive to SQE) 

0.6 


1.6 

ps 

tSQETD 

SQE Test Duration 

0.5 

1.0 

1.5 

ps 


Jabber and LED Timing 


tjAD 

Jabber Activation Delay i 

20 

70 

150 

ms 

tjRT 

Jabber Reset Unjab Time 

250 

450 

750 

ms 

tjSQE 

Delay from Outputs Disabled to Collision Oscillator On 


100 


ns 

tLED 

RCV, CLSN, XMT On Time 

8 

16 

32 

ms 

tLLPH 

Low Light Present to LMON High 

3 

5 

10 

1 

ps 

tLLCL 

Low Light Present to LMON Low 

250 


750 

ms 


Note 1 : Absolute maximum ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless otherwise specified are measured with 
respect to ground. 

Note 2: Limits are guaranteed by 100% testing, sampling, or correlation with worst-case test conditions. 

Note 3: Low Duty Cycle pulse testing is performed at Ta. 

Note 4; This dose not include the current from the AUl pull-down resistors, or LED status outputs. 

Note 5: LED drivers can sink up to 20mA, but Vql will be higher. 

Note 6: Does not include pre-bias current for fiber optic LED which would typically be 3mA. 

Note 7: Threshold for switching from Link Fail to Link Pass (Low Light). 
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SYSTEM DESCRIPTION 


Figure 1 shows a schematic diagram of the ML4663 in an 
internal or external 10BASE-FL MAU. On one side of the 
transceiver is the AU interface and the other is the fiber 
optic interface. The AU interface is AC coupled when 
used in an external transceiver or an internal transceiver. 
The AU interface for an external transceiver includes 
isolation transformers, some biasing resistors, and a 
voltage regulator for power. 

The fiber optic side of the transceiver requires an external 
fiber optic transmitter and fiber optic receiver. The 
transmitter uses a current driven output that directly drives 
the fiber optic transmitter. The receive side of the 
transceiver accepts the data after passing through a fiber 
optic receiver, which consists of a module containing a 
pin diode and a transimpedance amplifier. 

AU INTERFACE 

The AU interface consist of 3 pair of signals, DO, Cl and 
Dl as shown in figure 1. The DO pair contains transmit 
data from the DTE which is received by the transceiver 
and sent out onto the fiber optic cable. The Dl pair 
contains valid data that has been either received from the 
fiber optic cable or looped back from the DO and output 
through the Dl pair to the DTE. The Cl pair indicates 
whether a collision has occurred. It is an output that 
oscillates at lOMFiz if a collision. Jabber or SQE Test has 
taken place, otherwise it remains idle. 

When the transceiver is external, these three pairs are AC 
coupled through isolation transformers, while an Internal 
transceiver may be capacitively coupled. Tx+, Tx- is 
internally DC biased (shifted up in voltage) for the proper 
common mode input voltage. 

The two 39Q 1 % resistors (or one 780 1 % resistor) tied to 
the Tx+ and Tx- pins will provide the proper termination. 
The Cl and Dl pair, which are output from the transceiver 
to the AUl cable, require 3600 pull down resistors when 
terminated with a 780 load. FHowever on a DTE card, Cl 
and Dl do not need 780 terminating resistors. This also 
means that the pull down resistors on Cl and Dl can be 
1 kO or greater depending upon the particular Manchester 
encoder/decoder chip used. Using higher value pull down 
resistors as in a DTE card will save power. Refer to 
Application Note 13 for a more detailed explanation of 
the AUl pull-down resistors. 

The AUl drivers are capable of driving the full 50 meters 
of cable length and have a rise and fall time of typically 
4ns. In the idle state, the outputs go to the same voltage to 
prevent DC standing current in the isolation transformers. 

TRANSMISSION 

The transmit function consists of detecting the presence of 
data from the AUl DO input (Tx+, Tx-) and driving that 
data onto the fiber optic LED transmitter. A positive signal 
on the Tx+ lead relative to the Tx- lead of the DO circuit 
will result in no current, hence the fiber optic LED is in a 
low light condition. When Tx-i- is more negative than Tx- 
the ML4663 will sink current into the chip and the fiber 
optic LED will light up. 


Before data will be transmitted onto the fiber optic cable 
from the AUl interface. It must exceed the squelch 
requirements for the DO pair. The Tx squelch circuit 
serves the function of preventing any noise from being 
transmitted onto the fiber. This circuit rejects signals with 
pulse widths less than typically 20ns (negative going), or 
with levels less than -250mV. Once Tx squelch circuit has 
unsquelched, it looks for the start of idle signal to turn on 
the squelch circuit again. The transmitter turns on the 
squelch again when it receives an input signal at Tx+, Tx- 
that is more positive than -250mV for more than 
approximately 180ns. 

At the start of a packet transmission, no more than 2 bits 
are received from the DO circuit and not transmitted onto 
the fiber optic cable. The difference between start-up 
delays (bit loss plus steady-state propagation delay) for 
any two packets that are separated by 9.bps or less will 
not exceed 200ns. 

FIBER OPTIC LED DRIVER 

The output stage of the transmitter is a current mode 
switch which develops the output light by sinking current 
through the LED into the TxOUT pin. Once the current 
requirement for the LED is deterniined, the RTSET resistor 
is selected. The following equation is used to select the 
correct RTSET resistor; 

RTSET= f^52mA']jg2Q 

I buT J 

The transmitter enters the idle state when it detects start of 
idle on Tx-i- and Tx- input pins. After detecting the start of 
idle the transmitter switches to a 1 MFJz output idle signal. 

The output current is switched through the TxOUT pin 
during the on cycle and the VccTx pin during the off cycle 
as shown in figure 2. Since the sum of the current in these 
two pins is constant, VccTx should be connected as close 
as possible to the Vcc connection for the LED. 

If not driving an optical LED directly, a differential output 
can be generated by tying resistors from VccTx and 
TxOUT to Vcc as shown in figure 3. The minlrnum 
voltage on these two pins should not be less than 
Vcc - 2V. 


VccTx TxOUT 



Figure 2. Fiber Optic LED Driver Structure. 
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Vcc 



Figure 3. Converting Optical LED Driver Output to 
Differential ECL. 

RECEPTION 

The input to the transceiver comes from a fiber optic 
receiver as shown in figure 1. At the start of packet 
reception no more than 2.7 bits are received from the 
fiber cable and not transmitted onto the Dl circuit. The , 
receive squelch will reject frequencies lower than 
2.51MHz. 

While in the unsquelch state, the receive squelch circuit 
looks for the start of idle signal at the end of the packet. 
Start of idle occurs when the input signal remains.idle for 
more than 1 GQns. When §tart of idle is detected, the 
receive squelch circuit returns to the squelch state and the 
start of idle signal is output on the Dl circuit (Rx-h,, Rx-). 

COLLISION 

Whenever the receiver and the transmitter are active at 
the same time the chip will activate the collision output, 
except when loopback is disabled (LBDIS = Vcc)- The 
collision output is a differential square wave matching the 
AUl specifications and capable of driving a 780 load. The 
frequency of the square wave is 1 OMHz ± 15% with a 60/ 
40 to 40/60 duty cycle. The collision oscillator also is 
activated during SQE Test and jabber. 

LOOPBACK 

The loopback function emulates a 10BASE-T transceiver 
whereby the transmit data sent by the DTE is looped back 
over the AUl receive pair. Some LAN controllers use this 
loopback information to determine whether a MAU is 
connected by monitoring the carrier sense while 
transmitting. The software can use this loopback 
information to determine whether a MAU is connected to 
the DTE by checking the status of carrier sense after each 
packet transmission. 

When data is received by the chip while transmitting, a 
collision condition exits. This will cause the collision 
oscillator to turn on and the data on the Dl pair will 
follow V|N+, VjN-. After a collision is detected, the 
collision oscillator will remain on until either DO or 
V|N+. V|N-go idle. 

Loopback can be disabled by strapping LBDIS to Vcc- 
In this mode the chip operates as a full duplex transmitter 
and receiver, and collision detection is disabled. A 
loopback through the transGeiver can be accomplished by 
tying the fiber transmitter to the receiver. 


SQE TEST FUNCTION (SIGNAL QUALITY ERROR) 

The SQE test function allows the DTE to determine 
whether the collision detect circuitry is functional. After 
each transmission, during the inter packet gap time, the 
collision oscillator will be activated for typically Ips. The 
SQE test will not be activated if the chip is in the low light 
state, or the jabber on state. 

For SQE to operate, the SQEN pin must be tied to Vcc- 
This allows the MAU to be interfaced to a DTE. The SQE 
test can be disabled by tying the SQEN pin to ground, for 
a repeater interface. 

JABBER FUNCTION REQUIREMENTS 

The jabber function prevents a babbling transmitter from 
bringing down the network. Within the transceiver is a 
jabber timer that starts at the beginning of each 
transmission and resets at the end of each transmission. If 
the transmission last longer than 20ms the jabber logic 
disables the transmitter, and turns on the collision signal 
COL+, COL-. When Tx+ and Tx- finally go idle, a second 
timer measures 0.5 seconds of idle time before the 
transmitter is enabled and collision is turned off. Even 
though the transmitter is disabled during jabber, the 1MHz 
idle signal is stilLtrahsmitted. 

LED DRIVERS 

The ML4663 has five LED drivers. The LED driver pins are 
active low, and the LEDs are normally off (except for 
LMON). The LEDs are tied to their respective pins through 
a 500Q resistor to 5 Volts. 

The XM% RCV and CLSN pins have pulse stretchers on 
them which enables the LEDs to be visible./When 
transmission or reception occurs, the LED XMT, RCV or 
CLSN status pins will activate low for several 
milliseconds. If another transmit, receive or collision 
conditions occurs before the timer expires, the LED timer 
will reset and restart the timing. Therefore rapid events 
will leave the LEDs continuously on. The jAB and LMON 
LEDs do not have pulse stretchers on them since their 
conditions Occur long enough for the eye to see. 

LOW LIGHT CONDITION 

The LMON LED output is used to indicate a low light 
condition. LMON is activated low when both the receive 
power exceeds the Link Monitor threshold and there are 
transitions on V|im+, V|n- less tha n 3|is a part. If either one 
of these conditions do not exist, LMON will go high. 

INPUT AMPLIFIER 

The V|fsi+, V|N- input signal is fed into a limiting amplifier 
with a gain of about 100 and input resistance of 1.3kL2. 
Maximum sensitivity is achieved through the use of a DC 
restoration feedback loop and AC coupling the input. 
When AC coupled, the input DC bias voltage is set by an 
on-chip network at about 1.7V. These coupling capacitors, 
in conjunction with the input impedance of the amplifier, 
establish a high pass filter with 3dB corner frequency, C, 
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Since the amplifier has a differential input, two capacitors 
of equal value are required. If the signal driving the input 
is single ended, one of the coupling capacitors can be tied 
to AVcc as shown in figure 1. 

The internal amplifier has a lowpass filter built-in to band 
limit the input signal which in turn will improve the signal 
to noise ratio. 

Although the input is AC coupled, the offset voltage within 
the amplifier will be present at the amplifier's output. This 
is represented by Vqs in figure 4. Inorder to reduce this 
error a DC feedback loop is incorporated. This negative 
feedback loop nulls the offset voltage, forcing Vqs to be 
zero. Although the capacitor on Vdc is non-critical, the 
pole it creates can effect the stability of the feedback loop. 
To avoid stability problems, the value of this capacitor 
should be at least 10 times larger than the input coupling 
capacitors. 



Figure 4. 

The comparator is a high-speed differential zero crossing 
detector that slices and accurately digitizes the receive 
signal. The output of the comparator is fed in parallel into 
both the receive squelch circuit and the loopback MUX. 

LINK DETECT CIRCUIT AND LOW LIGHT 

The link detect circuit monitors the input signal and 
determines when the input falls below a preset voltage 
level. When the input falls below a preset voltage, the 
ML4663 goes into the Low Light state. In the Low Light 
state the transmitter is disabled, but continues sending the 
1MHz idle signal, the loo pback is disabled, the receiver is 
dis abled, a nd the LMON LED pin goes to high shutting off 
the LMON LED. To return to the Link Pass state, the 
optical receiver power must be 20% higher than the shut¬ 
off state. This built-in hysteresis adds stability to the Link 
Monitor circuit. Once the receiver power threshold Is 
exceeded, the ML4663 waits 250ms to 750ms, then 
checks to see that Tx-i-. Tx- is idle and no data is being 
received before re-enabling the trans mitter, r eceiver, 
loopback circuit, and lighting up the LMON LED. 

The Vjhadj Pto is used to adjust the sensitivity of the 
receiver. The ML4663 is capable of exceeding the 
lOBASE-FL specifications for sensitivity. The sensitivity is 
dependent on the layout of the PC board. A good low 
noise layout will exceed the 10BASE-FL specifications, 
while a poor layout will fail to meet the sensitivity and 
BER spec. 


The threshold generator shifts the reference voltage at 
Vjhadj through a circuit which has a temperature 
coefficient matching that of the limiting amplifier. The 
relationship between the Vjhadj ^'^cI the Vjh (the peak to 
peak input threshold) is: 

Vjhadj = 408Vjh (2) 

In a 10BASE-FL receiver there must be less than 1 x 10-9 
bit errors at a receive power level of -32.5dBm average. 
One procedure to determine the sensitivity of a receiver is 
to start at the lowest optical power level and gradually 
increase the optical power until the BER is met. In this 
case the Link Detect circuit must not disable the receiver 
(i.e. Vjhadj should be tied to Ground). Once the 
sensitivity of the receiver is determined, Vjhadj can be set 
just above the power level that meets the BER 
specification. This way the receiver will shut-off before the 
BER is exceeded. 

For 10BASE-FL Vjhadj can be tied directly to Vrep. 
However if greater sensitivity is required the circuit in 
figure 5 can be used to adjust the Vjhadj voltage. Even if 
Vrpp is tied to VjhadJ/ it's a good idea to layout a board 
with these two resistors available. This will allow potential 
future adjustments without board revisions. 

The response time of the Link Detect circuit is set by the 
Cjimer pi'^- Starting from the link off state the link can be 
switched on if the input exceeds the set threshold for a 
time given by: 

j_ Cjimer x Q>7V 
700M 

To switch the link from on to off, the above time will be 
doubled. A value of 0.05pF will meet to 10BASE-FL 
specifications. 



Figure 5. 


DIFFERENCES BETWEEN 10BASE-FL AND FOIRL 

10BASE-FL is an improved version of the original FOIRL 
standard. The 10BASE-FL standard allows backward 
compatibility of a 10BASE-FL transceiver with a FOIRL 
transceiver. The main improvements incorporated into 
10BASE-FL are that it can attach to a DTE by adding the 
SQE test, and the distance has been increased from 1 Km 
to 2Km. The other differences are much more subtle. 
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1. SQE Test: The FOIRL standard did not include the 
option of attaching a fiber transceiver to a DTE. Adding 
the SQE test to lOBASE-FL enables a 10BASE-FL . 
transceiver to attach to a DTE. Micro Linear's ML4661 
FOIRL transceiver has a SQE test, but this is beyond the 
scope of the FOIRL standard. 

2. 0 to at Least 2Km Distance: The FOIRL standard 
specifies a 1 Km distance while lOBASE-FL specifies 2Km. 
The additional TKm distance for lOBASE-FL comes from 
an increased flux budget for the cable of 3.5dB. This 
3.5dB increase came from an increase of 2.5dB sensitivity 
for the receiver and a 1 dB improvement for the 
transmitter. The following table illustrates the transmit and 
receive power requirements for the tWo standards; Note: 
FOIRL specifies optical power in peak and TOBASE-FL 
specifies it in average. Subtracting 3dB from peak will give 
the average. In the table below the FOIRL specifications 
were converted from peak to average power. 


TRANSMJT/RECEIVE 
AVERAGE POWER 

MIN ; 

MAX 

CONDITIONS 

FOIRL 

Transmitter 

-12dBm 

-21 dBm 


Receiver 

-12dBm 

-30dBm 

BER < 10-10 

lOBASE-FL 

Transmitter 

-12dBm 

-20dBm 


Receiver 

-12dBm 

-32.5dBm 

BER < 10-9 


3. MALI State Diagrams are Different: The state diagrams 
for 10BASE-FL are similar to IOBASE-T, while the state 
diagrams for FOIRL are slightly different. The differences 
are in the AUl loopback, and in the link integrity function. 


AUl Loopback — In lOBASE-FL, the DO to Dl 
loopback is always disabled during a collision, and 
optical receive data is passed through to DI. For 
FOIRL there are some cases where loopback 
continues (i.e. DO looped to Dl) during a collision, 
and others where loopback is disabled during a 
collision. 10BASE-FL is identical to IOBASE-T in this 
case. Please refer to the IEEE standards for greater 
detail. 

Link Integrity — TOBASE-FL adds an additional state 
to the Link Integrity Test function that will not allow 
an exit from the Low Light State until both the 
transmitter and receiver are idle. In FOIRL it is 
possible to exit from the Low Light State while still 
receiving data. 

MAU Timing Differences — The timing differences 
between lOBASE-FL and FOIRL relate to propagation 
delays, start-up delays, and collision deassert delays. 
The following table provides the details of these 
parameters. 


TIMING PARAMETER 
DIFFERENCES 

FOIRL 
(BIT TIMES) 

lOBASE-FL 
(BIT TIMES) 

ORDjnput to input on Dl 



Steady State Prop Delay 

0.5 

2 

Start-Up Delay 

3.5 

5 ' , 

output on DO to OTD_output 

Steady State Prop Delay 

0.5 

, 2 

Start-Up Delay 

3.5 

' ' 5 

Collision Deassert to 

SQE Deassert minimum 

4.5 

0 


OTD — Optical Transmit Data 
ORD — Optical Recejve Data 
Dl, DO, Cl - 7 - AUl Interface Signals 


TIMING DIAGRAMS 



Figure 6. Transmit and Loopback Timing 
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Figure 11. SQE Timing 
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ML4663EVAL 


lOBASE-FL Evaluation Kit 


GENERAL DESCRIPTION 

The ML4663EVAL is an external MAU designed to 
evaluate the ML4663 10BASE-FL PMD chip. The board 
interfaces to the AUl port through the transformer and to 
the fiber optic cable through the HP fiber optic transmitter 
and receiver. 

The ML4663EVAL package includes the following items to 
help the customer speed up their design, layout and 
debug process. 

FEATURES 

■ Jumper switches to enable or disable Loop Back. 

■ Jumper switches to enable or disable SQE and Jabber 
functions. 

■ Capable of adjusting the receive sensitivity. 

■ 6 status LEDs. 

■ Current consumption 260-280mA typically 


KIT COMPONENTS 

The ML4661EVAL kit includes the following items to help 
the customer speed up their design, layout and debug 
process. 

1) BLANK PCB: 4 layer board with separate power and 
ground plane (inner layers). 

2) COMPONENT KIT: Includes the key components as 
listed below. The rest of the components should be 
provided by the customer based on the parts list of the 
ML4663EVAL. 

■ HFBR1414: HP fiber Optic LED transmitter. 

■ HFBR2416: HP fiber optic pin diode receiver. 

■ One 28 pin sockets for the ML4663. 

■ ML4663CQ: 10BASE-FL combo transceiver and 
quantizer. 

■ PE65728: PULSE AUl coupling transformer. 

■ AUi CONNECTOR: 15 pins D SUB connector. 

3) DOCUMENTATION: includes the following items,: 

■ Demo board description. 

■ Block Diagram of the DEMO hoard. 

■ Schematic of the demo board. 

■ Lay out of the demo board. 

■ Parts list of the ML4663EVAL. 


BLOCK DIAGRAM 


+5V GND 
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High-Speed Data Quantizer 


GENERAL DESCRIPTION FEATURES 


The ML6622 High-Speed Data Quantizer is a low noise, 
widfe-band, BiCMOS monolithic IC designed specifically 
for signal recovery applications in FDDI and SONET fiber¬ 
optic receiver systems. An internal DC restoration 
feedback loop nulls any offset voltage produced in the 
input stage. The limiting amplifier contributes to a high 
level of sensitivity and a minimum of duty cycle 
distortion. 

The output of the data path is a high-speed comparator 
with ECL outputs. An enable pin gates the comparator on 
or off in response to the input signal level or a system 
control signal. 

The Link Detect circuit provides an Assert-Deassert 
function with ,a user-selectable threshold voltage. This 
circuit monitors the input signal and provides an ECL High 
output within 100ms of signal acquisition and an ECL Low 
output within 350ms of signal loss. The ECL discriminator 
output can be used to disable the comparator when the 
signal is below the user-selected threshold. LINKLED 
drives an LED for a visible indication of the link status. 


■ 150 MHz bandwidth 

■ Low noise design 

■ Adjustable Link Detect function 

■ Low power design: 35mA typical 

■ Available in 16-pin DIP and 16-pin Skinny SOIC 


BLOCK DIAGRAM 


VccA GNDA 


Vcc CND 


V|N+ 

V|N- 


Vref 



Ctime LINKLED 


ML6622 High-Speed Data Quantizer 
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PIN DESCRIPTION 

NAME FUNCTION __ 

Vqc Positive Power Supply for less noise 

sensitive nodes. +5 Volts 

ECL OUT + Positive and Negative ECL Comparator 

ECL OUT- outputs. 1 mA internal pull downs are 

incorporated so that external pull downs 
aren't necessary for light loads. 

GND Ground 0 volts. Used for less noise sensitive 

nodes. 

LINKLED Link Detect Status output. LINKLED is an 
open collector active low signal. It will be 
active low when the input signal applied to 
V|N+,V||vj_ exceeds the programmed 
threshold level at the THIN pin. Capable of 
driving a 20mA LED indicator. 

LINK - Negative ECL Link Detect output. This 

output Is active low when the input signal 
exceeds the programmed Link Detect 
threshold. 1mA internal pull downs are 
incorporated. 

LINK + Positive ECL Link Detect output. This output 
is active high when the input signal exceeds 
the programmed Link Detect threshold. 

1mA internal pull down are incorporated. 

Ctimer a capacitor from this pin to ground 

determines the Link Detect response time. 

To Meet FDDI specifications this capacitor 
should be 2,000pF. This capacitor can be 
removed for the fastest response time. 

THIN Threshold Input. A voltage applied to this 

input pin sets the minimum amplitude of the 
input signal required to cause the link detect 
to activate. In most cases this can be tied to 
Vref- 


NAME FUNCTION _ 

Vref a 2.5V reference with respect to GND. 

When tied to THIN, the link monitor 
threshold is set to a convenient value, 
depending on the responsiveness of the 
front end receive circuit. 

ViN+ This input pin should be capacitively 

coupled to the input source or to Vcc^ 

Viisi_ This input pin should be capacitively 

coupled to the input source or to Vcc- 

ENABLE ECL input active low. When this Input Is tied 
to LINKLED the ECL Comparator output is 
automatically enabled and disabled by the 
Link Detect circuit. This input can be tied to 
GND for continuous enable. When the ECL 
Comparator is disabled, ECL OUT- goes 
low and ECL OUT+ goes high. 

GNDA This ground goes to all of the noise sensitive 
circuits in the chip; the input amplifier, DC 
restoration loop, part of the Comparator and 
part of the link detect circuit. In some 
system designs, it may be advantageous to 
separate GND and GNDA. 

VccA This Vcc 80 GS to all of the noise sensitive 

circuits as mentioned in GNDA. 

CAP A capacitor is tied from this pin to Vref- 

This capacitor sets the lower frequency 
rejection and helps remove internal DC 
offset. This capacitor should be 10 times 
larger than the input capacitors. 


PIN CONNECTION 

ML6622 ML6622 

16-Pin DIP 16-Pin Narrow SOIC 
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ABSOLUTE MAXIMUM RATINGS 

(Hotel) 

Vcc - GND .........-0.3 to +7.0 Storage Temperature Range..-65°C to +T50°C 

VccA - GNDA ....-0.3 to +7.0 Lead Temperature {Soldering 10 sec.) :...+260°C 

Inputs/Outputs GND ................:..............-0.3 to Vcc+0.3 


ELECTRICAL CHARAGTERISTICS 

Over recommended operating conditions of T^ = 0°C to 70T, Vcc = 5V +5%, GND = OV, unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Icc 

Vqc Supply Current 
(No load on ECL outputs) 

. . 

. ! 


35 

50 

mA 

Vref 

Reference Voltage 


2.37 

2.47 

2.57 

V 

IVreF ' 

Vref Output Current 


-1 

3 

+5 

mA 

Vin' - ; 

Input Signal Range 


2 


1600 

mVp.p 

Vth ADJ 
Range 

External Voltage 
at THIN to set VjH 


0.5 


Vref 

V ■' 

EN 

Input-referred Voltage Noise 

100 MHz BW 


25 


gVpMS 

Rin 

Input Resistance 

V|N+. V,N- 

500 

770 

1000 

Q 

•thin 

Input Bias Current of THIN 


-100 ^ 


+100 

pA 

Vql-Vcc 

ECL Output Voltage-Low 

Through 50a to Vcc -2V, Ta = 25° C , 

-1.840 

-1.730 

-1.629 

V 

VOH-Vcc 

ECL Output Voltage-High 

Through 500 to Vcc -2V, Ta = 25° C . 

-1.045 

-0>963 

-0.880 

V ■; 

tr 

Data Output Rise Time 





ns 

tf 

Data Output Fall Time 


0.35 


13 

ns 


LINK DETECT 


AS_Max 

Assert Time (off to on) 

Ctime - 2000pF ^ 

"6; ■■ " 


TOO 


ANS_Max 

Deassert Time (on to off) 

Ctime = 2000pF 

0 i 


350 

ps 

Vth 

Input threshold 

THIN = Vref Assert 

8 

10 

12 

mV 


Hysteresis 

■ ' ___i 

1.5 

1.7 ■ 

..2 . 

dB 


Note 1; Absolute maximum ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless otherwise specified are measured with 
respect to ground. 

Note 2: Limits are guaranteed by 100% testing, sampling, or correlation with worst-case test conditions. 

Note 3: Low Duty Cycle pulse te.sting is performed at Ta. , , 
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FUNCTIONAL DESCRIPTION 

The ML6622 High Speed Data Quantizer takes a low 
level analog signal from a pin diode and transimpedance 
amp front end and converts it into digital ECL levels for 
subsequent digital processing. The input signal, coming 
from a transimpedance amplifier, enters the chip and is 
immediately amplified by a two-stage video amplifier. At 
the output of this amplifier the signal takes two 
parallel paths. 

The data path passes the signal into a high speed com¬ 
parator and outputs raised ECL differential data on the 
ECL OUT± pins. The Link Detection path monitors the 
magnitude of the amplified input signal, compares it to a 
user-settable threshold, and provides the result of the 
comparison as a raised-ECL differential output on the 
Link± pins. The timer following the threshold block is 
used to set the Link Detect output acquire and deacquire 
time using a capacitor. 

AMPLIFIER 

The amplifier is a two stage video amplifier with a gain of 
approximately 55VA/. Maximum sensitivity is achieved 
through the use of the DC restoration feedback loop and 
AC coupling the input. The AC coupling input capacitors, 
in conjunction with the input impedance of the amplifier, 
establish a high pass filter with the lower 3dB point 
determined by the input resistance and the input coupling 
capacitors. 

Since the amplifier has a differential input, two AC 
capacitors of equal value are required. If the signal driving 
the input is single ended, the other coupling capacitor 
should be tied to Vcc- 

Another low-pass filter is created with the CAP capacitor. 
The lower 3dB point controlled by a capacitor tied from 
the CAP pin to Vr^p as shown in the application circuit. 
For stability CAP should be 10 times larger than the Input 
coupling capacitors. 


2;rl00C 

Although the input Is AC coupled, the offset voltage 
within the amplifier will be present at the amplifier's 
output. The removal of the dc offset in the amp helps the 
circuit respond to small input voltages, and reduces duty- 
cycle distortion. In order to reduce this error, a negative 
feedback loop nulls the offset voltage. An external 
capacitor CAP is used to store the offset voltage. This 
voltage is compared to Vref and a difference current 
proportional to the result is applied to the negative side of 
the input stage of the AMP thereby nulling the DC offset. 


COMPARATOR 

A high speed ECL comparator is used for zero crossing 
detection. The second stage of the comparator outputs 
raised ECL levels. The comparator has an Enable input pin 
which takes an ECL level. This Enable pin is normally 
driven by LINKLED, which causes the output to be 
enabled when the link is up and disabled when the link is 
down. When ENABLE is low the comparator is 
operational. When ENABLE is high the comparator is 
disabled causing ECL OUT- to go low and ECL OUT+ to 
go high. The ENABLE pin can be tied to ground to keep 
the comparator permanently enabled. 

LrNK DETECT CIRCUIT 

The Link Detection Circuit is used to accurately measure 
the input amplitude to determine whether it is large 
enough to reliably recover the input signal. Once the Bit 
Error Rate (BER) for the ML6622 receive circuit is 
determined, the link detect threshold can be set so that the 
Link Detect Circuit will shut off before the error rate 
exceeds the link requirement. 

The Link Detection Circuit consists of three functional 
blocks; Thresh, Timer, and Link Out. Thresh detects the 
output of Amp and compares it to a programmable 
threshold input THIN. As long as the input amptitude is 
greater than the programmable threshold input, the Link 
Detect output remains active. 

When the peak input drops below THIN, Thresh's output 
changes state and Timer delays the Link Out state change 
for a programmable amount of time. When using the 
default Cjime capacitance of 2000pF, the deassert time is 
350ps max and the assert time is 10Ops max. These 
default values conform to the ANSI X3.166-1990 PMD 
standard for FDDL 

To improve stability, the Link Detect circuit includes 1.7dB 
of hysteresis. 

The Vref output can be tied directly to THIN to set the 
Link Detect threshold. For greater sensitivities, Vref can 
be divided down before applied to THIN. The formula for 
the threshold on the thin pin is as follows: 

Threshold (Assert) = 

500 

Threshold (Deassert) = ^ 
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APPLICATION CIRCUIT 




ORDERING INFORMATION 


PART NUMBER 


ML6622CP 

ML6622CS 
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TEMPERATURE RANGE 


PACKAGE 


0° to +70°C 
0° to +70°C 


16-Pin MOLDED DIP (PI 6) 

16-Pin MOLDED SOIC (SI 6N) 


Linear 
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ML6632 


High Speed Fiber Optic LED Driver 


GENERAL DESCRIPTION FEATURES 


The ML6632 is a high speed fiber optic LED driver suited 
for networking applications up to 200 Mbps. The part is 
capable of driving up to 120 mA of current through a fiber 
optic LED from an ECL level input signal. Its efficient 
output stage provides a high current that can be 
programmed for accurate absolute output level which 
insures precise launch power. 

The LED driver's output stage provides a fast well matched 
rise and fall time through a unique class B output stage 
that burns supply current only when the LED is on. An 
optional peaking circuit is also available for 820 nm 
applications. 

The ML6632 high speed fiber optic LED driver is 
implemented in BiCMOS process and is available in a 
8 -pin SOIC or PDIP package. 


■ Data rates up to 200 Mbps 

■ Current driven output for accurate launch power 

■ Programmable output current from 20 mA to 120 mA 

■ High Efficiency Output Stage 

■ Low EMI/RFI Noise 

■ ECL inputs 

■ Optional Peaking Circuit 

APPLICATIONS 

■ Fiber Optic Token Ring 

■ FDDl 

■ SONET OCl and OC3 

■ Fiber Optic Data Communications and 
Telecommunications 


BLOCK DIAGRAM 


PIN CONNECTION 



lOUT 


RTSET 

IPK 


RPK 


a-Pin SOIC or PDIP 


Vcc 

ECLP 

ECLN 

GND 


IPK 

lOUT 

RTSET 

RPK 


Cl 

C2 

C3 

C4 


8 ] 
7 ] 
6 ] 
5 ] 


TOP VIEW 
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PIN DESCRIPTION 


PIN NO. 

NAME 

DESCRIPTION 


Vcc 

Positive power supply. +5 yOlts. 

2 

ECLP 

Positive ECL data input controls signal 
to the LED. 

3 

ECLN 

Negative ECL data input. 

4 

GND 

Negative power supply. This pin 
should be tied to the grounded side of. 
RTSET to improve output accuracy and 
avoid a ground loop. 

5 

RPK 

Peaking circuit bias pin. Connect a 
resistor of value I/Ireak frorn this pin 
to ground when using the peaking 
circuit. Leave open circuited when this 
pin is not used. 


PIN NO. NAME DESCRIPTION 

6 "; RTSET Output current programming pin. 

Connect a resistor of value 1 /Iled from 
this pin to ground to set the high LED 
output current. 

7 lOUT Fiber optic LED drive pin. Connect the 

LED between this pin and Vcc. 

8 IPK Peaking circuit output pin. When 

using peaking, connect this pin to Vcc 
through a resistor of value RRPK. Then 
connect a capacitor from this pin to 
the LED cathode. When peaking is not 
used, open circuit RPK. 


ABSOLUTE MAXIMUM RATINGS (Note i) 


Vcc... .......-0.3Vto6V 

Input Pin Voltages...-0.3V to Vcc +0.3V 

LED Output Current (IPK, lOUT)........T20mA 


Peak DC Output Current (IPK, lOUT)... 120mA 

Storage Temperature..-65°C to +150°C 

Lead Temperature (Soldering 10 sec)..260°C 


ELECTRICAL CHARACTERISTICS 

Over the recommended operating conditions of T^ = 0°C to 70°C, Vcc = 5V ± 5%, RTSET = 16.5Q ± 1 %, RPK = 16.5Q ± 
1%, unless otherwise specified. (Notes 2 and 3) 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

TYP. 

MAX 

UNITS 

kc 

Supply Current 

LED off 



20 

mA 


LED and Peaking Current 
Accuracy (lOUT, IPK) 






>LEDH 

High 


57 

60 

63 

jnA 

Uedl 

Low 


0.5 

0.7 

1.0 

mA 

tR 

RiseTime (lOUT, IPK) 




2 

ns 

tp 

Fall Time (lOUT, IPK) 




2 

ns 


Propagation Delay 
(lOUT, IPK) 






tpLH 

Low to High 




10 

ns 

tpHL 

High to Low 




10 

ns 

tpwD 

Pulse Width Distortion 
(lOUT, IPK) 




1.0 

' 

1 

ns 

Iecl 

ECL Input Current 

■ 



20 

liA 

Vdo 

Dropout Voltage between 
pin 6 and 7 


,'■■1.5 - 



V 


Note 1; Absolute maj^imum ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless otherwise specified are measured with 
respect to ground. 

Note 2: Limits are guaranteed by 100% testing, sampling, or correlation with worst-case test conditions. 

Note 3: Low Duty Cycle pulse testing is performed at T^. 
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ML6632 


FUNCTIONAL DESCRIPTION 

The ML6632 accepts ECL input signals and generates a 
high speed, high accuracy output current which is 
independent of supply voltage variations. The output 
current is programmable from 20mA to 120mA, 

The ECL input stage is a standard NPN differential pair 
with a common mode range of between 1V and 4.5V with 
a +5V supply. With this common mode range it is possible 
to convert the ECL inputs into TTL. If the ECLN input is 
biased up to the TTL switching level, the ECLP pin can be 
driven by a TTL or CMOS output. Figure 1 d shows a 
circuit implementing this technique. This circuit may 
degrade pulse width distertion and should be checked for 
acceptable performance in this configuration. 

Output current to the LED is set by connecting the 
appropriate resistance from RTSET to ground. The high 
level output voltage at RTSET will be 1 .OV, The current in 
the external resistor will be equal to the current through 
the LED. The output current with RTSET set to 16.512 will 
be 


Iled(HIGH) = 1 .OV/Rtset = 1 -OV/16.512 = 60mA. 

With RTSET = 16,512, the low level output current is 
approximately 0.7mA. This current prebiases the LED and 
results in faster optical rise times. 

The ML6632 contain two seperate, but identical current 
driven output stages. These two stages can be paralleled 


+5V 



to double the drive current or one can be used for peaking 
while the other is used to drive the LED. See Figure 1c. 

The ML6632 provides for peaking of the LED output 
current. Peaking is used to counteract the effects of the 
LED junction capacitance. By creating a controlled 
overshoot and undershoot in the output current waveform, 
charge is transferred to and from the LED capacitance on 
the rising and falling edges of the output, speeding up rise 
and fall times. 

To provide peaking current, a second output stage is 
biased up with a resistor from RPK to ground and another 
from IPK to VCC. When these bias resistors are set equal 
to each other, a pulse will be generated across the RPEAK 
resistor with a magnitude equal to the voltage on the 
RTSET pin. A coupling capacitor transfers the peaking 
current from the IPK pin to the LED on the rising and 
falling edges of the output current waveform. 

A typical application is shown in Figure 1C. When the 
resistors Rrpk and R|pk are both set to 1612, a pulse will be 
generated at the IPK pin of magnitude 1 .OV and 
equivalent resistance 1612. 

The peaking current is coupled through the 100 pF 
capacitor, CpeaK/ which will transfer TOO pC of charge to 
and from the LED on each cycle of output current. The 
peaking circuit shown provides approximately a 70% 
overshoot current into a 012 LED impedance. Peaking 
currents will be slightly lower for real LED's. 


-J 




Vcc 

IPK 

ECLP 

lOUT 

ECLN 

RTSET 

GND 

RPK 


/ 


b) Iqut ~ 60inA 



c) Iqut = bOmA, with peaking 



Figure 1. Typical Applications 
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ML6632 

ORDERING INFORMATION 


PART NUMBER 

TEMPERATURE RANGE 

PACKAGE 

ML6632CP . 

:o^cto+7o°c 

8-Pin Molded DIP (P08) 

ML6632CS 

0°C to +70°C 

8-Pin SOIG (S08N) 




Micro Linear 


August 1992 
ADVANCED INFORMATION 

ML6671 


TP-PMD MLT-3 Transceiver 


GENERAL DESCRIPTION 

The ML6671 is a complete monolithic transceiver for 125 
Mbaud MLT-3 encoded data transmission over Category 5 
Unshielded Twisted Pair and Shielded Twisted Pair cables. 
The adaptive equalizer in the ML6671 will accurately 
compensate for line losses of up to 100m of UTR The part 
is internally trimmed during manufacturing and requires 
only an external 1% resistor for accurate equalization. 

The ML6671 receive section consists of an equalizing 
filter with a feedback loop for controlling effective line 
compensation. The feedback loop contains a filter and 
detection block for determining the proper control signal. 
The ML6671 also contains a pair of data comparators with 
precisely controlled slicing thresholds and an MLT3 to 
NRZI translator. An ECL 10OK compatible buffer at the 
output interfaces directly with existing FDDI PHY silicon 
from various manufacturers. 

The ML6671 transmit section accepts ECL 100K 
compatible NRZI inputs and converts them to differential 
current-mode MLT-3 signals. Transmit amplitude is 
controlled by a single resistor. 

Several additional functions are provided by the ML6671 
to simplify applications. A common-mode reference is 
provided to set the input DC level for the equalizer and 


the near-end transformer winding. This terminal may be 
used as an AC ground for the transformer center-tap or 
termination resistors. A link status circuit monitors line 
integrity and provides a proper logic level output signal to 
interface with the host system. 

The ML6671 is implemented in a 1.5pm BiCMOS process. 
A differential signal path throughout minimizes the effects 
of power supply transients and noise. A variety of package 
options are available to accomodate surface mount and 
thru-hole assembly requirements. 

FEATURES 

■ Complies with ANSI X3T9.5 TP-PMD emerging 
standard 

■ Transmitter converts NRZI ECL signals to MLT-3 current 
driven outputs 

■ Transmitter can be externally turned off for idle 
generation 

■ Receiver includes adaptive equalizer and MLT-3 to 
NRZI decoder 

■ Operates over 100 meters of STP or category 5 UTP 
Twisted Pair Cable 

■ 1.5pm BiCMOS process 

■ 28 pin surface mount package 

■ Semi-standard options available 


BLOCK DIAGRAM 


LINK STATUS* 


WIRE FAULT 
TTL INPUT 


MLT-3 INPUT 
FROM 
TRANSFORMER 


EXTERNAL 

RESISTOR 


EXTERNAL 

RESISTOR 


NRZI INPUT* 
lOOKECL 



TRANSMITTER OFF 
TTL INPUT 


LOOPBACK 
TTL INPUT 
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ADVANCED INFORMATION 


ML6682 


Token Ring Physical Interface 


GENERAL DESCRIPTION 

The ML6682 Token Ring Physical Interface Circuit is 
designed for IEEE 802.5 networks using shielded twisted 
pair (STP) or unshielded twisted pair (UTP) media. It may 
be used either as a station port front-end for a token ring 
MAC controller, or as a lobe or Ring In/Ring Out port in 
an active concentrator. It includes a receiver equalizer for 
suppression of inter-symbol interference jitter, a narrow 
bandwidth PEL with a constant-gain phase/frequency 
detector for enhanced clock tracking and low VCO output 
phase distortion, internal frequency/phase tracking select 
logic, and a twisted pair transmit driver and receiver. The 
circuit also includes phantom wire fault detection and 
output drivers for use with an external phantom switching 
mechanism. 

External components are minirnized by the use of 
internally-controlled station fault, watchdog timer, 
receiver pulsewidth squelch, on-chip crystal oscillator, 
and internal 4/16 Mbps switching logic. External pin 
connections select either station port or concentrator 
port operation and data rate (4mb/s or T 6mb/s). In a 
concentrator application the ML6682 performs the 
switching function eliminating the need for relays. 

Isolation can be achieved optically. The circuit requires 
a single +5V power supply, and is fabricated in 
BiCMOS technology. 


FEATURES 

■ Supports the complete interface for both a station and a 
concentrator. 

■ Supports Active Retiming and Regeneration for each 
l6be port and Ring In/Ring Out ports for UTP/STP 
Extended distance concentrators. 

■ Provides complete physical interface for a UTP/STP 
station port and full compatibility with TMS380C16/ 
TMS380C26. 

■ Pin-selectable 16 and 4Mb/s data rates 

■ Supports fault tolerant Ring In/Ring Out Trunks 

■ Fault isolation at each concentratbr port available for 
Network Management. 

■ Provides Phase-Locked Loop with constant gain phase 
detector for clock regeneration and data recovery. 

■ Phantom voltage drive/sense for both transmit and 
receive cable pairs. 

■ On-chip crystal oscillator can also be driven by 
external clock. 

■ On-chip receiver channel equalization switchabie for 
both 4 and 16 Mbps 

■ 44-Pin package 

■ Advanced BiCMOS technology 


BLOCK DIAGRAM 


4/16 

RSL 

RxTPP 

RxTPN 

EQ4A 

EQ4B 

EQ16A 

EQ16B 

XTALl 

XTAL2 

XTALOUT 

PHTMRX1 

PHTMRX2 

PHTMTX1 

PHTMTX2 
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Disk Drive ICs 


Section 5 


Selection Guide. 5-1 

ML117 2,4, or 6-Channel ReadAVrite Circuits. 5-5 

ML117R 2, 4, or 6-Channel ReadAVrite Circuits. 5-5 

ML501 6, 7, or 8-Channel ReadAVrite Circuits. 5-13 

ML501R 6, 7, or 8-Channel ReadAVrite Circuits... 5-13 

ML502 6, 7, or 8-Channel ReadAVrite Circuits. 5-13 

ML502R 6, 7, or 8-Channel ReadAVrite Circuits. 5-13 

ML502S 6, 7, or 8-Channel ReadAVrite Circuits. 5-13 

ML511 4, 6, 7, or 8-Channel Read AVrite Circuits. 5-21 

ML511R 4, 6, 7, or 8-Channel ReadAVrite Circuits. 5-21 

ML541 Read Data Processor. 5-29 

ML4041 Read Data Processor.. 5-39 

ML4042 Read Data Processor. 5-39 

ML4401 Servo Demodulator. 5-50 

ML4402 Servo Driver. 5-56 

ML4403 Servo Controller. 5-61 

ML4404 Trajectory Generator. 5-71 

ML4406 Disk Voice Coil Servo Driver. 5-82 

ML4407 Disk Voice Coil Servo Driver. 5-82 

ML4408 Low Voltage Voice Coil Servo Driver. 5-88 

ML4410 Sensorless Spindle Motor Controller. 5-95 

ML4411 Sensorless Spindle Motor Controller. 5-106 

ML4413 Servo Controller. 5-61 

ML4415 15-Channel ReadAVrite Circuit. 5-118 

ML4415R 15-Channel ReadAVrite Circuit.. 5-118 

ML4416 14-Channel ReadAVrite Circuit with CS. 5-118 

ML4416R 14-Channel ReadAVrite Circuit with CS. 5-118 

ML4417 Zoned Bit Recording Circuit. 5-126 

ML4418 Low Saturation Voice Coil Servo Driver. 5-136 

ML4427 Zoned Bit Recording Circuit. 5-126 

ML4431 Servo Demodulator. 5-143 

ML4506 5V Disk Voice Coil Servo Driver. 5-151 

ML4508 Low Saturation 5V Voice Coil Servo Driver. 5-158 

ML4510 5V Sensorless Spindle Motor Controller. 5-159 

ML4532 Servo Burst Area Detector with PWM.. 5-168 

ML4533 Servo Burst Area Detector without PWM. 5-168 

ML4534 Area Detector Based Embedded Servo Demodulator.. 5-179 

ML4535 Area Detector Based Hybrid Servo Demodulator... 5-186 
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ML4536 Servo Burst Area Detector without PWM DAC. 5-168 

ML4568 Disk Rulse Detector -i- Embedded Servo Detector... 5-197 

ML4610R 5V, 1-, 4-Channel ThinrFilm ReadAA/rite Circuit.. 5-205 

ML4611 R 5V, 1-, 4-Channel Thin-Film ReadAVrite Circuit. 5-205 

ML6005 24 Mbps Read Channel Filter/Equalizer .. 5-211 

ML6006 36 Mbps Read Channel Filter/Equalizer... 5-221 

ML6007 48 Mbps Read Channel Filter/Equalizer. 5-231 

ML600X Read Channel Filter/Equalizer Users Guide... 5-233 

ML6010 Integrated Read Channel Processor....... 5-239 

ML8464B Pulse Detector...... 5-247 

ML8464C Pulse Detector........ 5-247 
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Disk Drive ICs 


Disk Drive Component 
Selection Guide 


1. readavrite amplifiers 


Part 

Number 

Numbers of 
Channels 

Head 

Type 

Max Input 
Noise (nVA'Hz) 

Write Current 
Range (mA) 

Key Features 

Package Options 

ML117 

2, 4 or 6 

Ferrite 

2.1 

10 to 50 

Write Current Disable Function 

PDIP-18, 22, 28; 

SO-18, 24; PCC-28 

ML117R 

2, 4 or 6 

Ferrite 

2.1 

10 to 50 

Internal Damping Resistors 

PDIP-18, 22, 28; 

SO-18, 24; PCC-28 

ML501 

6 or 8 

Ferrite 

1.5 

10 to 50 

Enchanced Write Stability 

PDIP-28, 40; 

SO-32; PCC-28, 44 

ML501R 

6 or 8 

Ferrite 

1.5 

10 to 50 

ML501 with Internal 

Damping Resistors 

PDIP-28, 40; 

SO-28, 32; PCC-28, 44 

ML502 

6 or 8 

Thin Film 

1.5 

10 to 50 

Enchanced Write Stability 

PDIP-28, 40; 

SO-32; PCC-28, 44 

ML502R 

6, 7 or 8 

Thin Film 

1.5 

10 to 50 

ML502 with Internal 

Damping Resistors 

PDIP-28, 40; 

SO-32; PCC-28, 44 

ML511 

4, 6 or 8 

Ferrite 

1.5 

10 to 40 

Improved Write Stability 

SO-24; PCC-28, 44 

ML511R 

4, 6, 7 or 8 

Ferrite 

1.5 

10 to 40 

ML511 with Internal 

Damping Resistor 

SO-24; PCC-28, 44 

ML4415 

15 

Ferrite 

1.5 

10 to 40 

Improved Write Current Stability 

PCC-44 

ML4416 

14 

Ferrite 

1.5 

10 to 40 

Chip Select Input 

PCC-44 

ML4610R 

2 or 4 

Thin Film 

0.85 

5 to 35 

Switchable Damping Res. (700Q) 

SO-16, 20 

MI4611R 

4 

Thin Film 

0.85 

5 to 35 

Switchable Damping Res. (700Q) 
and Write Current Adjust 

SO-24 


2. READAVRITE SIGNAL PROCESSING 


Part Number 

Function 

Key Feature 

Package Option 

ML4041 

Read Data Processor 

Fast ACC Recovery, Ins Pulse Pairing 

PDIP-24, SO-24, PCC-28 

ML4042 

ML4041 with Undervoltage Detector 

Fast ACC Recovery, Ins Pulse Pairing 

PDIP-28, SO-28, PCC-28 

ML4417 

ML4427 

Zone Bit Recording 1C 

100 MHz VCO 

SO-16, PDIP-16 

ML4568 

Pulse Detector with Embedded Servo 

5V Only; 1 ns Pulse Pairing 

PCC-28 

ML541 

Read Data Processor 

15 MB its/sec Data Rate 

PDIP-24, CERDIP-24, PCC-28, SO-24 


Continued on next page 
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Disk Drive IGs 

Disk Drive Component 
Selection Guide (Continued) 


2. READAVRITE SIGNAL PROCESSING (Continued) 


Part Number 

Function 

Key Feature 

Package Option 

ML6005 

24 Mbps HDD Filter/Equalizer 

Low Power/High Performance 

SSOP-20 

ML6006 

36 Mbps HDD Filter/Equalizer 

Low Power/High Performance 

SSOP-20 

ML6010 

36 Mbps Read Channel Combo 

Low Cost/High Integration 
Configurable Array 

QFP-52 

ML8464B 

Pulse Detector 

DP8464B Second Source 

PDIP-24, PCC-28 

ML8464C 

Pulse Detector 

1 ns Pulse Pairing 

PDIP-24, PCC-28 


3. SERVO CONTROL ICS 


Part Number 

Function 

Key Feature 

Package Option 

ML4401 

Servo Demodulator 

ECL Output VCO 

PDlP-28, PCC-28 

ML4402 

Servo Driver, External Power Drive 

Low Offset (±5 mV) 

PDIP-20, PCC-20 

ML4403 

Servo Controller 

On-Chip Interpolation Function 

PDIP-20, PCC-20 

ML4404 

Analog Trajectory Generator 

User-Defined Trajectory, 2 DACs 

PDIP-28, PCC-28 

ML4406 

Servo Driver, Internal Power Drive 

Internal Threshold Reference 

PCC-20 

ML4407 

Servo Driver, Internal Power Drive 

External Threshold Reference 

PCC-20 

ML4408 

Low Voltage Drop Servo Driver 

5V Only or 12V Operation 

SO-24 

ML4413 

Servo Controller 

ML4403 with Ext. Amp. Nulling 

PDIP-24, PCC-28 

ML4431 

Servo Demodulator 

Enhanced ML4401; TTL Output 

PCC-32 

ML4532 

Servo Burst Area Detector 

Includes PWM DAC 

SSOP-20, PCC-20 

ML4533 

Servo Burst Area Detector 

No PWM DAC, Reference 

Levels Compatible to 

ML A/D Converters 

SO-16 

ML4536 

Servo Burst Area Detector 

No PWM DAC, Reference 

Levels Compatible to 

Zilog pC with ADC 

SO-16 

ML4534 

SUM/DIFF Area Detector 

For Hybrid Servo 

PCC-20 

ML4535 

Hybrid Servo Demodulator 

Integration/Area Detection 

PCC-32 


4. SPINDLE MOTOR CONTROL ICs 


Part Number 

Function 

Key Feature 

Package Option 

ML4410 

Sensorless Spindle Motor Control 

Back-EMF-Commutation 

PCC-28 
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Micro Linear 


Disk Drive ICs 

Hard Disk Drive Data Path 
and Servo Control Diagram 



TO 

CONTROLLER 


TO 

CONTROLLER 


Micro Linear provides a full set of Winchester Hard Disk Drive support chips including the data path and the head servo 
positioning path. Micro Linear supports both dedicated and embedded servo disk drives with read-write preamps, pulse 
detectors, data separators, servo demodulators, controllers and drivers, and 8- and 10-bit 
data converters for digital servo systems 
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CONTROLLER 


Micro Linear 


Disk Drive ICs 


Next Generation 
Disk Drive System 


ML6035 


Micro Linear 


ML6005/ 

ML6006 

FILTER/ 

EQUALIZER 


ML4610 

R/WAMP 


ML6010 


READ CHANNEL 
COMBO 
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ML117/MLt17R 

2 , 4, or 6-Channel 
Read / Write Circuits 


GENERAL DESCRIPTION FEATURES 


The ML117 devices are bipolar monolithic integrated circuits 
designed for use with center-tapped ferrite recording heads. 
They provide a low noise read path, write current control, 
and data protection circuitry for as many as six channels. The 
ML117 requires -t-5 V and +12 V power supplies and is availa¬ 
ble in 2, 4, or 6-channel versions with a variety of packages. 
The Mill7 contains exclusive circuitry that inhibits write 
current during device power-up, thereby eliminating power- 
up "glitches" common to similar read/write circuits. 

The Mni7R differs from the MU17 by having internal 
damping resistors. 


■ Exclusive write current disable during power-up 

■ Replacement for SSI 32R117/117R 

■ +5V, +12 V power supplies 

■ Single or multi-platter Winchester drives 

■ Designed for center-tapped ferrite heads 

■ Programmable write current source 

■ Available in 2,4, or 6 channels 

■ Easily multiplexed for larger systems 

■ Includes write unsafe detection 

■ TTL compatible control signals 
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ML117,ML117R 


PIN GOISINECTldNS 


ML117-40RML117R-4 

4Channd$ 


ML117-40RML117R-4 
4 Channels 

24-PIN SOIC 


«c 

gnd[ 

HOX [ 
HOY [ 
H1X[ 
H1Y [ 
H2X [ 
H2Y[ 
R/W[ 
WC [ 









22 

]hso 

CS cr 

1 

24 



] HSl 

GND CE 

2 

23 

2 

21 

3 

22 


HOX d 

3 

20 

J WDI 

4 

21 

HOY CX 

4 

19 

] VddI 

5 

20 

H1X HE 

5 

18 

]Vdd2 






H1Y EE 

6 

19 

6 

17 

jvcr 

H2X CE 

7 • 

18 

7 

16 

] H3X 

H2Y DC 

8 

17 

8 

15 

1 H3Y 





J 

R/W CE 

9 

16 

9 

14 

] WUS 

WC CE 

10 

15 

10 

13 

]vcc 

RDX CE 

11 

14 

11 

12 

] RDY 

RDY CE 

12 

13 





I VddI 


ID H3Y 
ID NC 
□□ NC 

ID wus 

in vcc 


ML117-2 ORML117R-2 
2 Channels 

18-PIN SOIC AND DIP 



ML117-60RML117R-6 
6 Channels 


ML117-60RML117R-6 
6 Channels 

28-pin PCC 
GND_ HSO HS2 
HOX I CS I HS1 I WDI 




] VddI 
] Vdd2 


19 p H4Y 


PIN DESCRIPTION 


NAME FUNCTION 


HS0-HS2 

Head Select (six heads) 

CS 

Chip Select (low level enables 
chip) 

R/W 

Read/Write (high level selects 
Read mode) 

WUS 

Write Unsafe,open collecter out¬ 
put (high level indicates alarm) 

WDI 

Write Data In (negative transition 
toggles head current direction) 

H0X-H5X 

X head connections 

H0Y-H5Y 

Y head connections 


NAME FUNCTION 


RDX, RDY 

X, Y Read Data (differential read 
signal out) 

WC 

Write Current (used to set the write 
current magnitude) 

VCT 

Voltage Center Tap (center tap 
voltage source) 

Vcc 

+5 volts 

VddI 

- 1-12 volts 

Vdd2 

Positive supply for center tap 

GND 

Ground 
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ML117, ML117R 


ABSOLUTE MAXIMUM RATINGS 

(Note 1) 


Power Supply Voltage Range 

VddI . 

Vdd2 . 

Vcc . 

Input Voltage Rarige _ 

Digital Inputs (CS, R/W, HS, WDI) 
Head Ports (H0X-H5X, H0Y-H5Y) 
Write Unsafe (WUS). 

Write Current (Iw) . 

Output Current 

Read Data (RDX, RDY) . 

Center Tap Current dcj) . 

Write Unsafe (WUS) . 

Storage Temperature ,. 

Junction Temperature (Tj) . 

Lead Temperature (Soldering 10 sec.) 


-O.StoKVoc 
-0.3tol4VDc 
—0.3 to 6 Vq (3 


— 0.3toV(3c +0*3V|[)(3 
- 0 . 3 toVDDl + 0.3 Vdc 

. -0.3 to 14 Vdc 

.60 mA 

. -10mA 

. -60mA 

.12 mA 

. -65°Cto150°C 

.125°C 

. 300°C 


OPERATING CONDITIONS 


Supply Voltage 

VddI . 12V±107o 

Vcc . 5V±10% 

Vdd 2 .... ■ 6-5 to VdqI 

Head Inductance (Lh) . StolS^H 

Damping Resistor (Rq, ML117 only) .50(3 to 2000Q 

RCT Resistor (1/2 Watt) . 130Q±57o 

Write Current (Iw) .. 25 to 50mA 


ELECTRICAL CHARACTERISTICS 

Unless otherwise specified Vdd 1 = 12 V± 107 o, Vcc = 5 V± 107 o, 0°C<Ta< 70°C (Notes 2 and 3). 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 


DC OPERATING CHARACTERISTICS 


POWER SUPPLY 


Icc 

Vcc Supply Current 

Read or Idle Mode 



25 

mA 

Write Mode 



30 

mA 

•dd 

Vdd Supply Current 

Read Mode 



50 

mA 

Write Mode 



30+lw 

mA 

Idle Mode 



25 

mA 

Pd 

Power Dissipation 

Read Mode 



600 

mW 

Write Mode lw = 50mA, Rct=130Q 



700 

mW 

Write Mode Iw = 50 mA, 

Rct = 0Q 



1050 

mW 

Idle Mode 



400 

mW 


DIGITAL INPUTS (CS, R/W, HS, WDI) 


V,H 

High Voltage 


2 


Vcc+0.3 

Vdc 

V,L 

Low Voltage 


-0.3 


0.8 

Vdc 

l|H 

High Current 

V|h = 2.0V 



100 

pA 

hk _ 

Low Current 

V,i.=0.8V 

,i 



mA 


WUS OUTPUT 


VoL 

Output Low Voltage 

loL=8rnA (Safe) 



0.5 

Vdc 

Iqh 

Output High Current 

Voh = 5V (Unsafe) 



100 

pA 


CENTER TAP VOLTAGES 


VCT 

Read Mode 

Read Mode 


4 


Vdc 

VCT 

Write Mode 

Write Mode 


6 


Vdc 
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ML117,ML117R 


ELECTRICAL CHARACTERISTICS (Continued) 

Unless otherwise specified Vdd"I = "I2V±107o, Vcc=5V±107o, lw=45mA, LH = 10|LiH, Rd = 750Q, fDATA = 5MHz, 
Cl (RDX, RDY)< 20pF, 0°C<Ta< 70°C (Notes 2 and 3) (V|n is referenced to Vct for Read Mode Characteristics). 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

WRITE MODE CHARACTERISTICS 

•WR 

Write Current Range 

Iw~K/R\/\/c 

10 


50 

mA 

K 

Write Current Constant 


133 ■ 


147 

V 

Vhd 

Differential Head Voltage Swing 


8 



YpK 

Ihu 

Unselected Head Transient 
Current 

■ 



2 

mApK 

Cod 

Differential Output Capacitance 




15 

PF 

Rod 

Differential Output Resistance 

ML117 

10 k 



Q 

ML117R 

562 


938 

Q 

fwDI 

WDI Transition Frequency 

WUS = Low 

250 



kHz 

A| 

Iws to Head Current Gain 



20 


A/A 

II 

Unselected Head Leakage 

Sum of X & Y Side Leakage Current 



85 

mA 


READ MODE CHARACTERISTICS 


Av 

Differential Voltage Gain 

V|N = 1mVp.p@300kHz, 

RL(RDX,RDY) = 1kQ 

80 


120 

v/v 

DR 

DynamicRange 

DC input Voltage (Vj) Where Gain Falls 107o, 
V,N - Vj -hO. 5 mVp.p @ 300 kHz 

-3 


+3 

mV 

BW 

Bandwidth (-3dB) 

|Zsl<52,V|N-1mVRMs 

30 



MHz 

^IN 

Input Noise Voltage 

BW = 15MHz, Lh=0, Rh=0 



2.1 

nV/VFIz 

Qn 

Differential Input Capacitance 




20 

pF 

Rin 

Differential Input Resistance 

ML117 

2 k 



Q 

ML117R 

390 


810 


l|N 

Input Bias Current 




45 

^A 

CMRR 

Common-Mode Rejection Ratio 

VcM Yq- -f-100 mVp.p @ f = 5 MHz 

50 



dB 

PSRR 

Power Supply Rejection Ratio 

100 mVp.p @ 5 MHz on VddT Ydd 2, or Vqc 

45 



dB 

CS 

Channel Separation 

Unselected Channels: 

V,N = 100 mVp.p @5 MHz 
and Selected Channel: 

Vi|sj=0 mVp.p 

45 



dB 

Yos 

Output Offset Voltage 


-480 


-^480 

mV 

Yocm 

Common-Mode Output Voltage 

Read Mode 

Write or Idle Mode 

5 


7 

V 


4.3 


V 

Rout 

Single-Ended Output Resistance 

f=5MHz 



30 

Q 

II 

Leakage Current, RDX, RDY 

RDX, RDY = 6 V Write or Idle Mode 

-100 


-hlOO 

IxA 

b 

Output Current 

AC Coupled Load, RDX to RDY 

2 



mA 


Micro Linear 





ML117, ML117R 


ELECTRICAL CHARACTERISTICS (Continued) 

Unless otherwise specified VqdI = 12V±m, Vcc = 5V±107o, lw = 45mA, Lh = 10mH, Rd = 750Q, fDATA = 5MHz, 
0 °C<Ta< 70°C (Notes 2 and 3). 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

SWITCHING CHARACTERISTICS 

tRW 

R/W to Write Switching Delay 

To 907o of Write Current Output 



1 

hS 

twR 

R/W to Read Switching Delay 

To 907o of lOOmV, lOMHz Read Signal 
Envelope or to 907o Decay of 

Write Current 



1 

. 

t|W 

or 

t|R 

CS to Select Switching Delay 

To 907o of Write Current or to 907o of 

100 mV, 10MHz Read Signal Envelope 



1 

, MS 

twi 

or 

tRI 

CS to Select Switching Delay 

To 90% Decay of 100 mV, 10 MHz Read 

Signal Envelope or to 907o Decay of Write 
Current 



1 


tHS 

Head Select Switching Delay 

To 90% of 100 mV, 10 MHz Read Signal 
Envelope 



1 

MS 

tD1 

Safe to Unsafe 

Write Unsafe Delay 

lw = 50mA 

1.6 


•, 8 

mS 

tD2 

Unsafe to Safe 

Write Unsafe Delay 

lw = 50mA 



1 

mS 

tD3 

Head Current Prop. Delay 

Lh = 0, Rh = 0 From 507o points 



-25 

nS 

tD3 

Head Current Asymmetry 

WDI has 507o Duty Cycle and 1 nS Rise/Fall 
Time 



2 

nS 

_ 

Time Head Current Rise/Fall 

107o and 907o Points 



20 

nS 


Note 1: Absolute maximum ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless otherwise 
specified are measured with respect to ground. 

Note 2: Limits are guaranteed by 100% testing, sampling, or correlation with worst-case test conditions. 

Note 3: Maximum junction temperature (Tj) should not exceed 125°C. 


TIMING DIAGRAMS 



Write Mode Timing Diagram 


Micro Linear 





ML117,ML11FR 


FUNCTIONAL DESCRIPTION 

CtRCUIT OPERATION 

The ML117, ML117R functions as a write driver or as a read 
amplifier for the selected head. Head selection and mode 
control are described in Tables 1 & 2, Both R/W and CS have 
internal pull-up resistors for the prevention of an accidential 
write condition. 

READ MODE 

In the Read Mode the ML117, ML117R is configured as a low 
noise differential amplifier/the write current source and the 
write unsafe detector are deactivated, and the write data flip- 
flop is set. The RDX and RDY outputs are driven by emitter 
followers and are in phase with the "X" and ''Y" head ports. 

The internal write current source is deactivated for both the 
Read and the Chip Deselect modes which eliminates the 
need for external gating of the write current source. 

WRITE MODE 

The Write mode configures the ML117, ML117R as a current 
switch and activates the Write Unsafe Detector. The head 
current is toggled between the X- and Y-side of the recording 
head on the falling edges of WDI, Write Data Input. A pre¬ 
ceding read operation initializes the Write Data Flip-Flop, 
WDFF, to pass current through the X-side of the head. The , 
magnitude of the write current, given by: 

Iw = K/ Rwc/ where K = Write Current Constant 

is set by the external resistor, Rwc/ connected from pin WC 
toGND. 

Any of the following conditions will be indicated as a high 
level on the Write Unsafe, WUS, open collector output. 

• Head open 

• Head center tap open 

• WDI frequency too low 

• Device in Read mode 

• Device not selected 

• No write current 

Two negative transitions on WDI are required to clear WUS 
after the fault condition is removed. 


Tablet. 


Head Select 



0 = Logic Level Low 
1 = Logic Level High 
X = Don't Care 


Table 2. 


Mode Select 



R/W 

MODE 

0 

0 

Write 

0 ‘ .y , 


Read 

1 

X 

Idle 


0 = Logic Level Low 
1 = Logic Level High 
X = Don't Care 







ML117, MU17R 


TYPICAL APPLICATION 


+5V +12V 



READ/WRITE 

HEADS 


NOTES: 

1. RCT is optional and is used to limit internal power dissipation 
(Otherwise connect Vpijl to Vd(j2). 

RCT (1/2 Watt) = 130 (55/lyy) ohms 
where ly^ = Write Current, in mA 

2. Ferrite bead optional: used to suppress write current overshoot 
and ringing. Recommend Ferroxcube 3659065/4A6. 

3. RDX and RDY load capacitance 20 pF maximum. RDX and RDY 
output current must be limited to 100fiA. 

4. Damping resistors not required on ML117R. 


THERMAL CHARACTERISTICS 


28-Lead 

PDIP 

PCC 

80°C/W 

60°C/W 

24-Lead 


SOIC 

60°C/W 

22-Lead 


PDIP 

100°C/W 

18-Lead 


PDIP 

115°C/W 

SOIC 

85°C/W 


Micro Lin^r 






MLH7,ML117R 


ORDERING INFORMATION 


PART NUMBER 

PACKAGE 

NUMBER OF CHANNELS 

ML117-2CP 

18-Lead Molded DIP (P18) 

2 

ML117R-2CP 

18-Lead Molded DIP (P18) 

2 

ML117-2CS 

18-Lead Molded SOIC (SI 8) 

2 

ML117R-2CS 

18-Lead Molded SOIC (SI 8) 

2 

ML117-4CP 

22-Lead Molded DIP (P22) 

4 

ML117R-4CP 

22-Lead Molded DIP (P22) 

4 

ML117-4CS 

24-Lead Molded SOIC (S24) 

4 

MLi17R-4CS 

24-Lead Molded SOIC (S24) 

4 

ML117-6CP 

28-Lead Molded DIP (P28) 

6 

ML117R-6CP 

28-Lead Molded DIP (P28) 

6 

ML117-6CQ 

28-Lead PCC (Q28) 

6 

ML117R-6CQ 

28-Lead PCC (Q28) 

6 


Micro Linear 
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ML501, ML501R, ML502, 
ML502R, ML502S-Series 

6, 7, or 8-Channel 
Read/Write Circuits 


GENERAL DESCRIPTION 

The ML50T ML502 family of devices are bipolar monolithic 
read/write circuits designed for use with fixed disk center- 
tapped recording heads. The ML501 and ML501R are de¬ 
signed for use with ferrite recording heads while the ML502, 
ML502R and ML502S are designed for thin film or composite 
heads. The R and S designation in the part number indicate 
that these parts have internal head damping resistors. 

The ML50T ML502 family provides up to eight multiplexed 
read/write data channels. These circuits exhibit features not 
found in similar read/write circuits such as improved write 
current stability and the elimination of write current "glit¬ 
ches" during power-up. The exclusive ML502 is identical to 
the ML501 except that the write unsafe detect circuitry is 
designed to operate with lower head inductance. 


FEATURES 

■ Exclusive write current disable during power-up 

■ Enhanced write current stability 

■ ML501, ML501R is replacement for SSI 32R501/501R 
and is designed for center-tapped ferrite heads 

■ ML502, ML502R, and ML502S are designed for center- 
tapped thin film or composite heads 

■ Single or multi-platter Winchester drives 

■ Easily multiplexed for larger systems 

■ Available in 6, 7 or 8 channels 

■ TTL compatible control signals 

■ Programmable write current source 

■ Includes write unsafe detection 

■ Available in a selection of packages 

■ -I-5V, -1-12 V power supplies 


BLOCK DIAGRAM 


Vcc Vddi gnd 


VdD2 Vct 


wus 
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ML501, ML501R, ML502, ML502R, ML502S 


PIN CONNECTIONS 

ML501-60RML501R-6 
OR ML502-6 OR ML502R-6 
6 Channels 


28-PIN DIPANDSOIC 


HOxf 

1 

A-" 

] CND 

hoy[ 

2 

27 

T MUST REMAIN 
JOPEN 

H1X[ 

3 

26 

]es 

H1Y [ 

4 

25 

] R/W 

H2X [ 

5 

24 

] WC 

H2Y [ 

6 

23 

] RDY 

H3X [ 

7 

22 

] RDX 

H3Y [ 

8 

21 

] HSO 

H4X [ 

9 

20 

] HS1 

H4Y [ 

10 

19 

] HS2 

H5X [ 

11 

18 

] Vcc 

H5Y [ 

12 

17 

] WDI 

Ver [ 

13 

16 

] WUS 

Vdd2 [ 

14 

15 

] VddI 


TOP VIEW 


ML501-8ORML501R-8 
OR ML502-8 OR ML502R-8 
ORML502S-8 
8 Channels 

44-PIN PCC 

MUST REMAIN OPEN 



ML501-80RML501R-8 
OR ML502-8 OR ML502R-8 
8 Channels 

32-PIN SOIC 


Hoxcr 1 

HOY ex 2 
HIXCH 3 
H1YCE 4 
H2XIIE 5 
H2YCI: 6 
H3xa; ^ 

H3Y n: 8 
H4X CE 9 
H4Y ni t 
H5X QZ 1 
H5YQI 1 
H6X CE 13 
H6YCX 14 
HTXCE 15 
H7YCE 16 


!□ CND 
-P, MUST! 

OPEN 
33 CS 
lO R/W 
lO WC 
XI RDY 
X] RDX 
Xl HSO 
~n HS1 
~n HS2 
□□ Vec 
in wDi 
□□ wus 
lEI VddI 
zn vdd2 

!□ VCT 


ML501-60RML501R-6 
OR ML502-6 OR ML502R-6 
ORML502S-6 
6 Channels 


28-PIN PCC 

MUST REMAIN OPEN 



ML501-80RML501R-8 
OR ML502-8 OR ML502R-8 
8 Channels 


40-PIN DIP 


HOX [ 

1 


] CND 

HOY [ 

2 

39 

n MUST REMAIN 
JoPEN 

NC[ 

3 

38 

]NC 

NC[ 

4 

37 

]NC 

H1X[ 

5 ■■ 

36 

]cs 

H1Y [ 

6 

35 

] R/W 

H2X[ 

7 

34 

] WC 

H2y[ 

8 

33 

] RDY 

H3X [ 

9 

32 

] RDX 

H3Y [ 

10 

31 

] HSO 

H4X [ 

11 

30 

] HS1 

H4Y[ 

12 

29 

] HS2 

H5X [ 

13 

28 

] Vcc 

H5y[ 

14 

27 

] WDI 

H6X [ 

15 

26 

] Wus 

H6y[ 

16 

25 

] NC 

NC[ 

17 

24 

] NC 

NC[ 

18 

23 

3 VddI 

H7X [ 

19 

22 

]Vdd2 

H7Y [ 

20 

21 

3 Va 


TOP VIEW 


ML502S-7CQ 

ML502R-7CQ 

H1X HOX R/W 



TOP VIEW 


PIN DESCRIPTION 

NAME FUNCTION 


HS0-HS2 

Head Select (eight heads) 

CS 

Chip Select (low level enables 
chip) 

R/W 

Read/Write (high level selects 
Read mode) 

WUS 

Write Unsafe, open collecter out¬ 
put (high level indicates an unsafe 
writing condition) 

WDI 

Write Data In (negative transition 
toggles head current direction) 

H0X-H7X 

X head connections 

H0Y-H7Y 

Y head connections 


NAME FUNCTION 


RDX, RDY 

X, Y Read Data (differential read 
signal out) 

WC 

Write Current (used to set the write 
current magnitude) 

VcT 

Voltage Center Tap (center tap 
voltage source) 

Vcc 

-1-5 volts 

VddI 

-hi 2 volts 

Vdd2 

Positive supply for center tap 

CND 

Ground 


jS^Micro Linear 
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ML501, ML501R, ML502, ML502R, ML502S 


ABSOLUTE MAXIMUM RATINGS 

(Note1) 


Power Supply Voltage Range 

VddI . 

Vdd2 .. 

Vcc . 

Input Voltage Range _ 

Digital Inputs (CS, R/W, HS, WDI) 
Head Ports (H0X-H7X, H0Y-H7Y 

Write Unsafe (WUS) . 

Write Current (Iw) . 

Output Current 

Read Data (RDX, RDY) . 

Center Tap Cu rrent dcj) . 

Write Unsafe (WUS). 

Storage Temperature . 

Junction Temperature (Tj) . 

Lead Temperature (Soldering 10 sec.) 


-O.3tol4V0c 
-0.3to14VDc 
—0.3 to 6V[x; 


— 0.3toV(^(^ +0.3 Vpf;; 
— 0.3toVppl +0.3Vp(3 

. -0.3to14Vpc 

.60 mA 

. -10mA 

. -60mA 

.12 mA 

. -65°Cto150°C 

.135°C 

. 300°C 


OPERATING CONDITIONS 


Supply Voltage 

Vppi .12 V ±10% 

Vcc . 5V±10% 

Head Inductance 

LH,ML501orML501Ronly . StolSpH 

LH,ML502,ML502R,ML502Sonly . 400 to 1000 nH 

Damping Resistor (Rp, ML501 only) . 500 to 2000Q 

RCT Resistor (V 2 Watt) . 120Q±5% 

Write Current dw) ...22 to 50mA 


ELECTRICAL CHARACTERISTICS 

Unless otherwise specified VqdI = 12V±10%, Vcc=5V±10%, Rct= 120Q ±5%, lw=45mA, 0 °C<Ta< 70°C (Notes 2 and 3). 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 


DC OPERATING CHARACTERISTICS 


POWER SUPPLY 


■cc 

Vcc Supply Current 

Read or idle Mode 



25 

mA 

Write Mode 



25 

mA 

bo 

Vpp Supply Current 

Read Mode 



48 

mA 

Write Mode 



25 +l\/\/ 

mA 

Idle Mode 



20 

mA 

Pd 

Power Dissipation 

Read Mode 



.770 

mW 

Write Mode lw=50mA 



830 

mW 

Write Mode Iw=50 mA, 

Rct—0 Q 



1125 

mW 

Idle Mode 



400 

mW 


DIGITAL INPUTS (CS, R/W, HS, WDI) 


V,H 

High Voltage 


2 



^DC 

V,L 

Low Voltage 




0.8 

Vdc 

IlH 

High Current 

V,h = 2.0V 



100 

^lA 

IlL 

Low Current 

< 

o 

bo 

< 

-0.4 



mA 


WUS OUTPUT 


Vql 

Output Low Voltage 

loL=8rnA (Safe) 



0.5 

VdC 

•oh 

Output High Current 

Voh = 5V (Unsafe) 



100 

mA 


CENTER TAP VOLTAGES 


VcT 

Read Mode 

Read Mode 


4 


Vdc 

VcT 

Write Mode 

Write Mode 


6 


Vdc 


Micro Linear 
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ML50T, ML501R/ML502, ML502R, ML502S 


ELECTRICAL CHARACTE RISTICS (Continued) = 

Unless otherwise specified Vdd1 = 12V±107o, Vcc = 5V±107o, Rct=120Q ±57o, lw=45mA, LH = 10/iH (ML501, ML501R), 
LH = 600nH (ML502, ML502R, ML502S), Rd==750Q (ML501), fDATA=5MHz, Cl(RDX, RDY)<20pF, 0 °C<Ta<70°C 
(fslotes 2 and 3) {V|n is referenced to Vct for Read Mode Characteristics). 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

WRITE MODE CHARACTERISTICS 

•WR 

Write Current Range 

lw~ R/Rwc 

10 


50 

mA 

K 

Write Cu rrent Constant 


129 


151 

V 

Vhd 

Differential Head Voltage Swing 


7.5 



VpK 

•hu 

Unselected Head Transient 
Current 




2 

mApK 

Cod 

Differential Output Capacitance 




15 

pF 

Rod 

Differential Output Resistance 

ML501;ML502 

10 k 



Q 

Tj = 25°C ML501R, ML502S/ML502R 

560/180 


940/300 


fwDI 

WDI Transition Frequency 

WUS=Low 

250 



kHz 

A, 

Iwc to Head Current Gain 



20 


A/A 

It_, 

Unselected Head Leakage 

Sum of X & Y Side Leakage Current 

1 


85 

t^a 


READ MODE CHARACTERISTICS 


Ay 

Differential Voltage Gain 

ViN = 1 mVp.p @ 300 kHz, 

RL(RDX,RDY) = lkQ 

90 


120 

. v/v 

DR 

Dynamic Range 

. DC Input Voltage (V|) Where Gain Falls 107o, 
Viisi=Vj-t-0.5 mVp.p @ 300 kHz 

-3 


+3' : 

mV 

BW 

Bandwidth (-3dB) 

|Zsl<5S2,V|N = lmVp.p 

30 



MHz 

.^IN 

Input Noise Voltage 

BW=15MHz, Lh=0, Rh=0 



1.5 

nV/VFlz 

C|N 

Differential Input Capacitance 

f=5MHz 



23 

pF 

R|N 

Differential Input Resistance 

f=5 MHz, Tj = 25°C ML501, ML502 

V,N = 6mVp.p ML501R,ML502S/ML502R 

2k 




530/180 


790/300 

Q 

l|N 

Input Bias Current (1 side) 




100 

mA 

CMRR 

Common-Mode Rejection Ratio 

VcM= Vct +100 mVp.p @ f = 5 MHz 

50 



dB 

PSRR 

Power Supply Rejection Ratio 

100 mVp.p @ 5 MHz on VdoI Vdd2, or Vcc 

45 



dB 

CS 

Channel Separation 

Unselected Channels: 

V|N = 100 mVp.p @5 MHz 
and Selected Channel: 

V||v|=0 mVp.p 

45 



dB 

Yos 

Output Offset Voltage 


-480 


-h480 

mV 

Yocm 

Common-Mode Output Voltage 

Read Mode 

5, 


7 

V 

Write or Idle Mode 


4.3 


V 

Rout 

Single-Ended Output Resistance 

f=5MHz 



30 

Q 

Rl 

External Resistive Load 
(AC Coupled to Output) 

Per SidetoGND 

100 



Q 

II 

Leakage Current, RDX, RDY 

3V<(RDX, RDYXBV Write or Idle Mode 

-50 


50 

IJiA 

Zo 

Center Tap Output Impedance 

0MHz<f<5MHz 



150 

Q 

lo 

Output Current 

AC Coupled Load, RDX to RDY 

2, 



mA 


Micro Linear 





ML501, ML501R, ML502, ML502R, ML502S 


ELECTRICAL CHARACTERISTICS (Continued) 

Unless otherwise specified Vdd'I = 'I2V±107o, Vcc = 5V±107o, Rcr=120Q ±57o, lw=45mA, Lh = 10mH (MLSOI, ML501R), 
LH = 600nH (ML502, ML502R, ML502S), Rd = 750Q (ML501), fDATA=5MHz, 0°C<Ta<70°C (Notes 2 and 3). 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

SWITCHING CHARACTERISTICS 

tRW 

R/W to Write Switching Delay 

To 907o of Write Current Output 



600 

ns 

tWR 

R/W to Read Switching Delay 

To 907o of 100mV, 10MHz Read Signal 
Envelope or to 907o Decay of 

Write Current 



600 

ns 

t|W 

or 

t|R 

CS to Select Switching Delay 

To 907o of Write Current or to 907o of 

100 mV, 10 MHz Read Signal Envelope 



600 

ns , , 

twi 

or 

tRl 

CS to Unselect Switching Delay 

To 907o Decay of lOOmV, 10MHz Read 

Signal Envelope or to 907o Decay of Write 
Current 



600 

ns 

tHS 

Head Select Switching Delay 

To 907o of lOOmV, 10MHz Read Signal 
Envelope 



600 

ns 

tDl 

Safe to Unsafe 

Write Unsafe Delay 

lw = 50mA 

1.6 


8 

us 

tD2 

Unsafe to Safe 

Write Unsafe Delay 

lw = 20mA 



1 

us 

tD3 

Prop. Delay Head Current 

Lh = 0, Rh =0 From 507o points 


25 

40 

ns 

tD3 

Asymmetry Head Current 

WDI has 507o Duty Cycle and 1 nS Rise/Fall 
Time 



2 

ns 


Rise/Fall Head Current 

107o and 907o Points 



20 

ns , 


Note 1: Absolute maximum ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless otherwise 
specified are measured with respect to ground. 

Note 2: Limits are guaranteed by 1007o testing, sampling, or correlation with worst-case test conditions. 

Note 3: Maximum junction temperature (Tj) should not exceed 135°C. 


TIMING DIAGRAM 



Write Mode Timing Diagram 


icro Linear 
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ML501, ML501R, ML502, ML502R^ML502S 


FUNCTIONAL DESCRIPTION 

CIRCUIT OPERATION 

For any selected head, the ML501, ML502 functions as a read 
amplifier when in the Read mode, or as a write current 
switch when in the Write mode. Pins HSO, HS1 and HS2 
determine head selection while pin R/W controls the Read/ 
Write mode. A detected ''write-unsafe" condition is indi¬ 
cated by pin WUS. 

READ MOPE 

When the ML501, ML502 is in the Read Mode, it operates as 
a low-noise differential amplifier on the selected channel. In 
Read mode the write data flip-flop is set and both the write 
unsafe detector and the write current source are deactivated. 
The center tap voltage is also lowered. Pins RDX and RDY 
provide differential emitter follower outputs which are in 
phase with the X and Y head input pins. 

Note that during the Read or Chip Deselect mode the Inter¬ 
nal write current is deactivated, thus making external write 
current gating unnecessary. 

WRITE MODE 

The ML501, ML502 operates as a write-current switch when 
in the Write mode. Write current magnitude is determined by 
the following relationship: 

lyv ~ K/Rwc 

Where: K = Write Current Constant 

Rwc = Resistance connected between pin WC and 
GND. 

The head current is toggled between the X and Y side of the 
selected head by a negative transition on WDI (Write Data 
Input). When switching the ML501, ML502 to write mode, 
the WDFF (Write Data Flip-Flop) is initialized to pass write 
current through the X-side of the head. 

The ML501, ML502 exhibit enhanced write current stability, 
compared to similar read/write circuits, which reduces the 
problem of oscillation. This is a result of increased internal 
write current compensation. Also, write current "glitches" 
during power-up, common in similar read/write circuits, are 
eliminated with an exclusive write current disabling function. 

The WUS (Write Unsafe) pin is an open collector output that 
gives a logic high level for any of the following unsafe write 
conditions; 

• Open head 

• Open head center-tap 

• Too low WDI frequency 

• Read mode selected 

• Device not selected 

• No write current 

Two negative transitions on WDI are required to clear WUS 
after the fault condition is removed. 

The ML502, ML502R, ML502S differ from the ML501, 

ML501R by having write unsafe detect circuitry that is de¬ 
signed to operate with lower amplitude write pulse voltages, 
which result from the lower head inductance of thin film or 
composite heads. 


Tablet. 


Head Select 



0 = Logic Level Low 
1 = Logic Level High 
X = Don't Gare 


Table 2. 


Mode Select 



R/W 

MODE 

0 

0 

Write 

0 

1 

Read 

1 ' ' ' 

X 

Idle 


0 = Logic Level Low 
1 = Logic Level High 
X = Don't Care 
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ML501, ML501R, ML502, ML502R, ML502S 


TYPICAL APPLICATION 


+5V +12V 



NOTES: 

1. RCT is optional and is used to limit internal power dissipation 
(Otherwise connect Voj,1 to Vp(,2). 

RCT (1/2 Watt) = 120 (50/Iw) ohms 
where = Write Current, in mA 

2. Ferrite bead optional: used to suppress write current overshoot 
and ringing. Recommend Ferroxcube 3659065/4A6. 

3. RDX and RDY load capacitance 20pF maximum. RDX and RDY 
output current must be limited to 100^. 

4. Damping resistors not required on ML501R or ML502R. 


READ/WRITE 

HEADS 


Micro Linear 
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ML501, ML50tR> ML502, ML502R^ML502S 


ORDERING INFORMATION 




NUMBER Of 

TRANSDUCER 

PART NUMBER 

PACKAGE 

CHANNELS 

HEAD TYPE 

ML501-6CP 

28-Lead Molded DIP (P28) 

6 


ML501-6CQ 

28-Lead PCC (Q?8) 

6 


ML501-6CS 

28-Lead SOIC (S28) 

6 

Ferrite Heads 

ML501-8CP 

40-Lead Molded DIP (P40) 

8 

ML501-8CQ 

44-Lead PCG (Q44) 

8 


ML501-8CS* 

32-Lead SOIC (S32) 

8 


ML501R-6CP 

28-Lead Molded DIP (P28) 

6 


ML501R-6CQ 

28-Lead PCC (Q28) 

6 


ML501R-6CS 

28-Lead SOIC (S28) 

6 

Ferrite Heads 

ML501R-8CP 

40-Lead Molded DIP (P40) 

8 

ML501R-8CQ 

44-Lead PCC (Q44) 

8 


ML501R-8CS* 

32-Lead SOIC (S32) 

8 


ML502-6CP 

28-Lead Molded DIP (P28) 

6 


ML502-6CQ 

28-Lead PCC (Q28) 

6 


ML502-6CS 

28-Lead SOIC (S28) 

6 

Thin Film or 

ML502-8CP 

40-Lead Molded DIP (P40) 

8 

Composite Heads 

ML502-8CQ 

44-Lead PCC (Q44) 

8 


ML502-8CS* 

32-Lead SOIC (S32) 

8 


ML502R-6CP 

28-Lead Molded DIP (P28) 

6 


ML502R-6CQ 

28-Lead PCC (Q28) 

6 


ML502R-6CS 

ML502R-7CQ 

ML502R-8CP 

28-Lead SOIC (S28) 

28-Lead PCC (Q28) 

40-Lead Molded DIP (P40) 

6 

7 

8 

Thin Film or 
Composite Heads 

ML502R-8CQ 

44-Lead PCC (Q44) 

8 


ML502R-8CS* 

32-Lead SOIC (S32) 

8 


ML502S-6CQ 

ML502S-7CQ 

ML502S-8CQ 

28-Lead PCC (Q28) 

28-Lead PCC (Q28) 

44-Lead PCC (Q44) 

6 

7 

8 

Thin Film or 
Composite Heads 


* This package is available as a special order only. 
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Micro Linear 


ML511^ MLSllR-Series 


4, 6, If or 8-Channel Ferrite 
Read/Write Circuits 


GENERAL DESCRIPTION 

The ML511 is a bipolar monolithic read/write circuit designed 
for use with center-tapped ferrite recording heads. The 
ML511 and ML511R are performance upgrades from the 
ML5G1 and ML501R. The R designation in the part number 
indicates that this part has internal head damping resistors. 

The ML511 provides up to eight multiplexed read/write data 
channels. These circuits exhibit features not found in similar 
read/write circuits such as improved write current stability 
and the elimination of write current ''glitches" during power- 
up. The ML511 also provides a low noise read data path, and 
data protection circuitry for all of the channels. 


FEATURES 

■ Enhanced write current Stability 

■ ML511, ML511R is replacement for SSI 32R5l1/511Rand 
is designed for center-tapped ferrite heads 

■ Single or multi-platter Winchester drives 

■ Easily multiplexed for larger systems 

■ Power supply fault protection 

■ 1.5 nV/ n/Hz maximum input noise voltage 

■ TTL compatible control signals 

■ Programmable write current source 

■ Includes write unsafe detection 

■ Available in a selection of packages 

■ -1-5 V, -1-12 V power supplies 



Micro Linear 
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ML511/ML511R 

PIN CONNECTIONS 


ML511-60RML5T1R-6 ML511-8 OR ML511R-8 ML511-8 OR ML511R-8 ML511-8 OR ML511R-8 

6 Channels 8 Channels 8 Channels 8 Channels 



TOP VIEW 


ML511-60RML511R-6 ML511R-7CS ML511R-7CQ ML511-4 OR ML511R-4 

6 Channels 28-Lead SOIC 28-Lead PCC 4 Channels 



PIN DESCRIPTION 


NAME 

FUNCTION 

HS0-HS2 

Head Select (eight heads) 

CS 

Chip Select (low level enables 
chip) 

R/W 

Read/Write (high level selects 
Read mode) 

wus 

Write Unsafe, open collecter out¬ 
put (high level indicatesan unsafe 
writing condition) 

WDI 

Write Data In (negative transition 
toggles head current direction) 

H0X-H7X 

X head connections 

H0Y-H7Y 

Y head connections 


NAME 

FUNCTION 

RDX, RDY 

X, Y Read Data (differential read 
signal out) 

WC 

Write Current (used to set the write 
current magnitude) 

VcT - 

Voltage Center Tap (center tap 
voltage source) 

Vcc 

-1-5 volts 

VddI 

4-12 volts 

Vdd2 

Positive supply for center tap 

GND 

Ground 
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ML511, ML511R 


ABSOLUTE MAXIMUM RATINGS 

(Note 1) 

Power Supply Voltage Range 

VddI . -O.StoUVoc 

Vdd 2 . -O.atoUVDc 

. —0.3to6V[)(3 

Input Voltage Range 

Digital Inputs R/W, HS, WDI) . -0.3 to Vcc +0.3 Vqc 

Head Ports (H0X-H7X, H0Y-H7Y .... -0.3 to VddI +0.3Vqc 

Write Unsafe (WUS) . - 0.3 to 14 Vpc 

Write Current (Iw) .60mA 

Output Current 

Read Data (RDX, RDY) . -10mA 

Center Tap Current (Ict) . -60 mA 

Write Unsafe (WUS) .12 mA 

Storage Temperature .. - 65°C to 150°C 

Junction Temperature (Tj) . 135°C 

Lead Temperature (Soldering 10 sec.) . 300°C 


OPERATING CONDITIONS 


Supply Voltage 

VddI • • • • .. 12V±107o 

Vcc . 5V±107o 

Head Inductance 

LH,ML511orML511R . StolSpH 

Damping Resistor (Rq, ML511 only) . 500 to 2000Q 

RCT Resistor (1/4 Watt) . 120Q±57o 

Write Current (Iw) . 10 to 40 mA 


ELECTRICAL CHARACTERISTICS 

Unless otherwise specified Vdd1-Vdd2-12V±10%, Vcc“5V±10%, Rct=120S±57o, lw=40mA, 0 °C<Ta<70°C 
(Notes 2 and 3). 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 


DC OPERATING CHARACTERISTICS 


POWER SUPPLY 


•cc 

Vcc Supply Current 

Read or Idle Mode 



35 

mA 

Write Mode 



30 

mA 

bo 

Vdp Supply Current 

Read Mode 



35 

mA 

Write Mode 



20-f ly^ 

mA 

Idle Mode 



20 

mA 

Pd 

Power Dissipation 

Read Mode 



655 

mW 

Write Mode lw=40 mA, 

Rct=0Q 



960 

mW 

Idle Mode 



455 

mW 


DIGITAL INPUTS (CS, R/W, HS, WDI) 


V,H 

High Voltage 


2 



Vpc 

V,L 

Low Voltage 




0.8 

VdC 

IlH 

High Current 

V,h = 2.0V 



100 

pA 

l|L 

Low Current 

V,l=0.8V 

-0.4 

_1 


mA 


WUS OUTPUT 


VoL 

Output Low Voltage 

loL=8niA (Safe) 



0.5 

Vpc 

■oh 

Output High Current 

Vqh = 5 V (Unsafe) 



100 

pA 


CENTER TAP VOLTAGES 


VcT 

Read Mode 

Read Mode 


5 1 


Vdc 

VcT 

Write Mode 

Write Mode 


6 


^DC 
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ML511, ML511R 


ELECTRICAL CHARACTERISTICS (Continued) 

Unless otherwise specified VddI = 12V±107o, Vcc = 5V±107o, Rct= 120Q ±57o, lw = 35mA, Lh = 10^H, Rd = 750Q (ML511), 
foATA = 3 MHz/ Cl (RDX, RDY)< 20 pF, 0°C< Ta< 70°C (Notes 2 and 3) (Vin is referenced to Vct for Read Mode Characteristics). 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

WRITE MODE CHARACTERISTICS 

'hcw 

Head Current (per side) 

Write Mode 

0<Vcc<3.7V 

0<VddK8.7V 

-200 


200 ^ 

/iA 

■WR 

Write Current Range 

iw~ Rwc 

10 


40 . 

mA 

K 

Write Current Constant 


2.375 


2.625 


Vhd 

Differential Head Voltage Swing 


7.0 



VpK 

Ihu 

Unselected Head Transient 
Current 




2 

D_, 

,< 

E 

Cod 

Differential Output Capacitance 




15 

pF 

Rod 

Differential Output Resistance 

ML511 

10k 



Q 

Tj = 25°C ML511R 

600 

i 

960 

Q 

fwDI 

WDI Transition Frequency 

WUS = Low 

250 



kHz 

A| 

Iwc to Head Current Gain 



0.99 


. mA/mA 

II 

Unselected Head Leakage 

Su m of X & Y Side Leakage Cu rrent 



85 

: /.A 


READ MODE CHARACTERISTICS 


Av 

Differential Voltage Gain 

V||sj = 1 mVp.p @ 300 kHz, 

Rl(RDX, RDY) = lkQ 

85 


115 

v/v. 

DR 

Dynamic Range 

DC Input Voltage (V|) Where Gain Falls 107o, 
V|N = V| -1-0.5 mVp.p @ 300 kHz 

-3 


" +3' 

mV 

BW 

Bandwidth (-3dB) 

|Z5(<!5Q,V|[y| = l mVp.p 

30 



MHz 

6|N 

Input Noise Voltage 

BW=-15MHz, Lh=0, Rh=0 



1.5 

nV/ \mz 

Qn 

Differential Input Capacitance 

f=5MHz 



20 

PF 

Rin 

Differential Input Resistance 

f=5MHz,Tj=25°C ML511 

V,N = 6mVp.p ML511R 

2k 




460 


860 

Q 

•hcr 

Head Current (per side) 

Read or Idle Mode 

0<Vcc<5.5V 

0<Vdd1<13.2V 

-200 


200 

pA 

•in 

Input Bias Current (1 side) 




45 

mA 

CMRR 

Common-Mode Rejection Ratio 

VcM=V ct+ 100 m Vp,p @ f = 5 MHz 

50 



dB 

PSRR 

Power Supply Rejection Ratio 

100 mVp.p @ 5MHz on V^qI, Vl)p 2, or Vcc 

45 



dB 

CS 

Channel Separation 

Unselected Channels: 

V|N^ 100 mVp.p @5 MHz 
and Selected Channel: 

V||si=0mVp.p 

45 



dB 

Vos 

Output Offset Voltage 

Read Mode 

-460 


+460 

mV 

Write or Idle Mode 

-20 


+20 

mV 

Vqcm 

Common-Mode Output Voltage 

Read Mode 

4.5 


6.5 

V . : 

Write or Idle Mode 


5.3 


V 

Rout 

Single-Ended Output Resistance 

f=5MHz 



30 

Q 

•l 

Leakage Current, RDX, RDY 

(RDX, RDY) = 6V Write or Idle Mode 

-100 


100 

ViK 

•o 

Output Current 

AC Coupled Load, RDX to RDY 

±2.1 



mA 
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ML511,ML511R 


ELECTRICAL CHARACTERISTICS (Continued) 

Unless otherwise specified VnDl = 12V±107o, Vrc=5V±107o, Rcj=120Q ±57o, lw=35mA, Lh = 10]l(H, Rd = 750S2 (ML511), 
fDATA = 5MHz, 0 °C<Ta<70°C (Notes 2 and 3). 


SYMBOL 1 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

SWITCHING CHARACTERISTICS 

tRW 

R/W to Write Switching Delay 

To 907o of Write Current Output 



1 

fXS 

tWR 

R/W to Read Switching Delay 

To 907o of lOOmV, 10MHz Read Signal 
Envelope or to 907o Decay of 

Write Current 



1 

lUS 

t|W 

or 

t|R 

CS to Select Switching Delay 

To 907o of Write Current or to 907o of 

100 mV, 10 MHz Read Signal Envelope 



1 

IXS 

twi 

or 

tRI 

CS to Unselect Switching Delay 

To 907o Decay of 100 mV, 10MHz Read 

Signal Envelope or to 907o Decay of Write 
Current 



1 

(AS 

thS 

Head Select Switching Delay 

To 907o of 100mV, 10MHz Read Signal 
Envelope 



1 

IAS 

tDl 

Safe to Unsafe 

Write Unsafe Delay 

lw = 35mA 

1.6 


8 

US 

tD2 

Unsafe to Safe 

Write Unsafe Delay 

lw = 35mA 



1 

US 

tD3 

Prop. Delay Head Current 

Lh=0, Rh= 0 From 507o points 



25 

ns 


Asymmetry Head Current 

WDI has 507o Duty Cycle and 1 nS Rise/Fall 
Time 



2 

ns 


Rise/Fall Head Current 

107o and 907o Points 



20 

ns 


Note 1: Absolute maximum ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless otherwise 
specified are measured with respect to ground. 

Note 2: Limits are guaranteed by l(X)7o testing, sampling, or correlation with worst-case test conditions. 

Note 3: Maximum junction temperature (Tj) should not exceed 135°C. 


TIMING DIAGRAM 



Write Mode Timing Diagram 
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ML511,ML511R 


FUNCTIONAL DESCRIPTION 

CIRCUIT OPERATION 

For any selected head, the MLSII functions as a read ampli¬ 
fier when in the Read mode, or as a write current switch 
when in the Write mode. Pins HSQ, HS1 and HS2 determine 
head selection while pin R/W controls the Read/Write 
mode. A detected "write-unsafe" condition is indicated by 
pinWUS. 

READ MODE 

When the MLSII is in the Read Mode, it operates as a low- 
noise differential amplifier on the selected channel. In Read 
mode the write data flip-flop is set and both the write unsafe 
detector and the write current source are deactivated. The 
center tap voltage is also lowered. Pins RDX and RDY provide 
differential emitter follower outputs which are in phase with 
the X and Y head input pins. 

Note that during the Read or Chip Deselect mode the inter¬ 
nal write current is deactivated, thus making external write 
current gating unnecessary. 

WRITE MODE 

The ML511 operates as a write-current switch when in the 
Write mode. Write current magnitude is determined by the 
following relationship: 

lyV = K/RvVC 

Where: K = Write Current Constant 

Rwc = Resistance connected between pin WC and 
GND. 

The head current is toggled between the X and Y side of the 
selected head by a negative transition on WDI (Write Data 
Input). When switching the ML511 to write mode, the WDFF 
(Write Data Flip-Flop) is initialized to pass write current 
through the X-side of the head. 

The ML511, MLSIIR exhibit enhanced write current stability, 
compared to similar read/write circuits, which reduces the 
problem of oscillation. This is a result of increased internal 
write current compensation. Also, write current "glitches" 
during power-up, common in similar read/write circuits, are 
eliminated with an exclusive write current disabling function. 

The WUS (Write Unsafe) pin is an open collector output that 
gives a logic high level for any of the following unsafe write 
conditions: 

• Open head 

• Open head center-tap 

• Too low WDI frequency 

• Read mode selected 

• Device not selected 

• No write current 

Two negative transitions on WDI are required to clear WUS 
after the fault condition is removed. 

The ML511 also offers a voltage fault detection circuit that 
prevents write current during power-loss or power-up. 


Tablet. 


Head Select 


HS2 

HS1 

HSO 

HEAD 

0 

0 

0 

0 

0 

0 

,'■1: 

1 

0 

1 

a 

2 

0 

1 

r 

3 

1 

0 

0 

4 

1 

0 

1 

5 

1 

1 

0 

6 

1 

1 

1 

7 


0 = Logic Level Low 
1 = Logic Level High 
X = Don't Care 


Table 2. 


Mode Select 



R/W 

MODE 

0 

0 

Write 

0 

1 

Read 

1 

X 

Idle 


0 = Logic Level Low 
1 = Logic Level High 
X = Don't Care 
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ML511, ML511R 


TYPICAL APPLICATION 


+5V +12V 



NOTES: 

1. RCT is optional and is used to limit internal power dissipation 
(Otherwise connect Vppi to Vpp2). 

RCT (1/2 Watt) = 120 (40/Iw) ohms 
where lyy = Write Current, in mA 

2. Ferrite bead optional: used to suppress write current overshoot 
and ringing. Recommend Ferroxcube 3659065/4A6. 

3. RDX and RDY load capacitance 20 pF maximum. ROX and RDY 
output current must be limited to 100/iA. 

4. Damping resistors not required on ML511R. 


READ/WRITE 

HEADS 


Micro Linear 
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ML511, M1511R 


ORDERING INFORMATION 


PART NUMBER 

PACKAGE 

NUMBER OF CHANNELS 

ML511-4CS 

24-Lead SOIC (S24) 

4 

ML511R-4CS 

24-Lead SOIC (S24) 

4 

ML511-6CP 

28-Lead Molded DIP (P28) 

6 

ML511R-6CP 

28-Lead Molded DIP (P28) 

6 

ML511-6CQ 

28-Lead PCC (Q28) 

6 

ML511R-6CQ 

28-Lead PCC (Q28) 

6 

ML511-6CS 

28-Lead SOIC (S28) 

6 

ML511R-6CS 

28-Lead SOIC (S28) 

6 

ML511R-7CS 

28-Lead SOIC {S28) 

7 

ML511R-7CQ 

28-Lead PCC (Q28) 

7 

ML511-8CP 

40-Lead Molded DIP (P40) 

8 

ML511R-8CP 

40-Lead Molded DIP (P40) 

8 

ML511-8CQ 

44-Lead PCC (Q44) 

8 

ML511R-8CQ 

44-Lead PCC (Q44) 

8 

ML511-8CS 

32-Lead SOIC (S32) 

8 

ML511R-8CS 

32-Lead SOIC (S32) I 

8 


THERMAL CHARACTERISTICS 


PIN COUNT 

PACKAGE 

^a 

24-Lead 

SOIC 

75°C/W 

28-Lead 

PDIP 

55°C/W 

28-Lead 

PCC 

65°C/W 

28-Lead 

SOIC 

70°C/W 

32-Lead 

SOIC 

60°C/W 

44-Lead 

PCC ! 

60°C/W 

40-Lead 

PDIP 

45‘’C/W 
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_ ML541 

Read Data Processor 


GENERAL DESCRIPTION 

The ML541 is a monolithic bipolar integrated circuit for use in 
a disk drive system to detect analog pulse peaks generated by 
the recording head during a Read operation. Connected to 
the read/write amplifier output, it detects valid data and 
provides a TTL output to the data separator for further proc¬ 
essing. It contains both analog and digital circuitry and sup¬ 
ports the reading of MFM and RLL encoded data at rates up 
to 15 megabits/second. 

The primary functional blocks within the device include an 
ACC amplifier, a level detector, a slope detector, and output 
logic. Operating modes Read, Write, and Hold are selectable 
with input logic signals. Read mode is used for pulse peak 
detection during a Read operation. Write mode disables the 
device's ouput during a Write operation, while Hold mode 
holds the AGC gain constant during recovery of embedded 
servo information. 

By using both level and slope detection, accurate pulse vali¬ 
dation and peak time detection is acheived. The ML541 per¬ 
formance can be adjusted to fit particular needs through 
external component selection. 

The ML541 is available both in a 24-pin PDIP and 28-pin 
PCC. 


FEATURES 

■ Second source for SSI 541 

■ Data rates up to 15 megabits/second 

■ Supports MFM and RLL encoded read data 

■ 25 MHz wide-bandwidth AGC amplifier 

■ Fast AGC region for fast transient recover 

■ Slow AGC region for minimum zero crossing distortion 

■ Write to read transient suppression 

■ Supports embedded servo decoding 

■ -f 5V, -1-12 V power supplies 


SIMPLIFIED BLOCK DIAGRAM 



l3^Micro Linear 
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ML541 


PIN CONNECTIONS 


24-Pin DIP and SOIC Package 


28-Pin PCC Package 


D|F-[ 

1 


24 

D|f+ [ 

2 


23 

HYS [ 

3 


22 

LEVEL [ 

4 


21 

AGC [ 

5; 


20 

IN-h [ 

6 


19 

IN- [ 

, 7 


18 

HOLDB [ 

8 


■ 17 

Vdd [| 

9 


16 

CoUT 

10 


15 

R/WB [ 

11 


14 

os[ 

12 


13 



TOP VIEW 



U Qn + 
] Dirsi + 


LEVEL [ 
ACC [ 
IN+ [ 
IN- [ 
HOLDB [ 
Vdd [ 10 
CoUT 


HYS D|f_ D|n + 

NC I D|f+ I C|N+ I C|N^ 

-nnm::],,. 

1 28 27 26 


11 19 

12 13 14 15 16 17 18 


25 ] NC 
24 ] D|N- 
] OUT- 
] OUT + 
] AGND 
] BYP 
] DGND 


R/WB I NC I RD 1 Dout 
OS Vcc NC 


PIN DESCRIPTION 


NAME FUNCTION 


Vcc 

+5V 

Vdd 

+12 V 

AGND 

Analog Ground. 

DGND 

Digital Ground. 

R/WB 

TTL compatible Read/Write Control 
pin. 

IN+, IN- 

Analog Signal Input pins 

OUT+, OUT- 

AGC Amplifier Output pins 

BYP 

The AGC timing capacitor Cagc's 
tied between this pin and AGND. 

HOLDB 

TTL compatible pin that holds the 
AGC gain when pulled low. 

AGC 

Reference input voltage level for the 
AGC circuit. 

D|N-f/ Din- 

Analog input to the hysteresis com¬ 
parator. 


NAME FUNCTION 


HYS 

Input for setting hysteresis level of the 
hysteresis comparator. 

LEVEL 

Provides rectified signal level for input 
to the hysteresis comparator. 

Dout 

Buffered test point for monitoring D 
input of the flip-flop. 

C|N+/ Qn- 

Analog input to the differentiator. 

D|F-f/ D|F- 

External differentiating network con¬ 
nection pins. 

CoUT 

Buffered test point for monitoring the 
clock input to the flip-flop. 

OS 

Connection for read output pulse 
width setting capacitor Cqs- 

RD 

TTL compatible read output. 


TABLE 1 MODE SELECT 


R/WB 

HOLDB 

MODE 

DESCRIPTION 

1 

1 

READ 

AGC amp seaion active, Digital section active. 

1 

0 

HOLD 

AGC gain constant, Digital section active. 

0 

X 

WRITE 

AGC gain maximum. Digital section inactive. 

Input common mode resistance reduced. 


0 = Logic level low 
1 = Logic level high 
X == Don't care 
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ML541 


ABSOLUTE MAXIMUM RATINGS 

(Note 1) 


Power Supply Voltage Range 

V(2c . —O.3to6V0(3 

Vdd . -0.3to14VDc 

Terminal Voltage Range 

R/WBJN+, IN-,HOLDB . -0.3Vto Vcc+0.3V 

RD . -0.3VtoVcc +0.3Vor +12mA 

Allothers . -0.3VtoV qd+0.3V 

Storage Temperature Range .- 65°C to +150°C 

Junction Temperature (Tj) .. +135°C 

Lead Temperature (Soldering JO sec) . 260°C 


OPERATING CONDITIONS 


Supply Voltage 

Vcc . 5V±107o 

Vdd .12 V ±10% 

X(C,N + -C|N-)^ V(d,^^_D|n_) .IVp.p 

Vhys .1-OV 

Cos . 50to200pF 


Typical Component Values (Refer to Typical Applications) 


C|N . • 

Cs ... 

Cqut 

Rout 

Qcci 

CaGC2 

Ragc 

Clevel 

Rleveli 

RlEVEL2 

Cos • • 


. 0.001 
.. 0.01 mF 
0.0047^F 
,.. 400Q 
.. 220 pF 
. 2000 pF 
. 2.21 kQ 
. . ISOpF 
. 1.54 kS2 
. 6.49 kQ 
. . . 50pF 


ELECTRICAL CHARACTERISTICS 

The following specifications apply over the recommended operating conditions of Vcc^ 5 V ±10%, Vpo = 12 V ± 10%, 
0 °C<Ta< 70°C and external components as specified under recommended operating conditions unless otherwise specified. 
(See Note 2.) 




1 


TYP 



SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

NOTES 

MAX 

UNITS 


DC Characteristics 


Icc 

Vcc Supply Current 

Outputs unloaded 




mA 

bo 

Vdd Supply Current 

Outputs unloaded 



70 

mA 

Pd 

Power Dissipation 

Outputs unloaded, 

Ta=70°C 



930 

mW 


Digital Inputs Characteristics (F10LDB, R/WB) 


V,H 

High Voltage 


2 



V 

V,L 

Low Voltage 




0.8 

V 

IlH 

High Current 

V|h = 2.4V 



100 

pA 

III 

Low Current 

Vil=0.4V 

-0.4 



mA 


Digital Outputs Characteristics (Cpyj, RD) 


Vql 

Output Low Voltage 

loL = 4mA 



0.4 

V 

Vqh 

Output High Voltage 

IoH = ‘400fiA 

2.4 



V 


WRITE AND HOLD MODE CHARACTERISTICS 


Mode Control 


tRW 

Read to Write 

Transition Time 




1 

PS 

tWR 

Write to Read Transition Time 

ACC settling not included, 
time to high input resistance 

1.2 


3 

fUS 

tRH 

Read to Hold Transition Time 




1 

fUS 

Write Mode 

Zic 

Common Mode Input 
Impedance (both sides) 

R/WB pin = low 


250 


Q 
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ELECTRICAL CHARACTERISTICS (Continued) 

The following specifications apply over the recommended operating conditions of Vcg=5V±1P7o/Vdd = 12V±10%, 
0°C<Ta< 70°C, in + and IN - AC coupled, OUT+ and OUT- differentially loaded with >600Q and each side loaded with 
<10pFtoGND, Cbyp=2000pF, OUT + and OUT - AC coupled to D|n+ and D||s|_ respectively, Vagc = 2.2V unless Otherwise 
specified. (See Note 2.) 





-! 

TYP 



SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

NOTES 

MAX 

UNITS 


READ MODE CHARACTERISICS 


A^C Amplifier 


I^ID 

Differential Input Resistance 

V(iN+-iN-)~100*^Vp.p@ 2.5MHz 


5 


kp 

Qd 

Differential Input Capacitance 

V(iN+_iN-)='100rnVp.p@ 2.5MHz 



10 

PF 

Zic 

Common Mode Input 
Impedance (both sides) 

R/WB pin high 


1.8 


kQ 

R/WB pin low 


0.25 


kQ 

Avr 

Gain Range 

1 Vp.p< VouT diff < 2.5 Vp.p 

4 


83 

V/V 

eN 

Input Noise Voltage 

Gain set to maximum 



30 

nV/ v/THz 

BW 

Bandwidth 

Gain set to maximum, - 3 dB point 

25 



MHz 

VqP 

Maximum Output Voltage 
Swing 

SetbyVAGc 

3 



Vp.p 

•OD 

OUT + to OUT - Pin Current 

No DC path to GND, See Note 3 

±3.2 



' ■ mA 

Rq 

Output Resistance 



20 

30 

Q 

Co 

Output Capacitance 



12 


pF 

V|p 

Vagc 

(D|n + -D|n-) Input Voltage 
Swing VS ACC Input Level 

30mVp.p^ V(iN+-iN-)^ 550 mVp.p, 
1.5 V<Vagc< 3.75 V 


0.48 


Vp.p/V 

Vip 

(D|n + -Din _) Input Voltage 
Swing Variation 

30mVp.p<! V(|n+-in-)'^ 550 mVp.p, 

AGC Fixed, over supply and ternp. 



+8 

% 

to 

Gain Decay Time 

See Figure la; V|N = 300mVp.p 
then >150mVp-pat2.5MFIz, 

Vqut to 90% of fi nal val ue. 


50 


MS 

tA 

Gain Attack Time 

See Figure lb; from Write to Read 
transition to Vqut ^t 110% of final 
value, V|N=400mVp.p@2.5MHz 


4 


ps 

•AGCfc 

Fast ACC Capacitor 

Charge Current 

V(D|N + -D|N_) = ^-6V'y^GC = 3.0V 


1.5 


mA 

•aGCsc 

Slow AGC Capacitor 

Charge Current 

V(D|n+-D|n_)=1-^^' Vagc ontil 

slow discharge begins 


0.17 


mA 


Fast to Slow Attack 

Switchover Point 

V(D|n + -D|n_) 


1.25 




•agcd 

ACC Capacitor 

Discharge Current 

Read Mode 


4.5 


pA 

Hold Mode 

-0.2 


+0.2 

pA 

CMRR 

CMRR (Input Referred) 

V|N +=V|N-=100mVp.p 
@ 5 MHz, gain at max. 

40 



dB 

PSRR 

PSRR (Input Referred) 

Vcc or Vpp=100 mVp.p 
@ 5 MHz, gain at max. 

30 



dB 


Hysteresis Comparator 


V,P 

Input Signal Range 




1.5 

Vp.p 

•^ID 

Differential Input Resistance 

V(D|N + -D|N_) = ^^'^VP-P@ 2.5MHz 

5 


15 

kQ 

Qd 

Differential Input Capacitance 

V(D|n +-D|n-) == '^W-P @ 2.5 MHz 



6.0 

pF 

Zic 

Common Mode Input 
Impedance 

(both sides) 


2.0 


kQ 

Vio 

Comparator Offset Voltage 

HYS pin at -0.5 V, <1.5kQ across 

Din+/ D|n- 


5 


mV 


Micro Linear 





ML541 


ELECTRICAL CHARACTERISTICS (Continued) 

The following specifications apply over the recommended operating conditions of Vcc = 5V±107o, Vdd = 12V±10%, 
0°C<Ta< 70°C, in + and IN - AC coupled, OUT + and OUT - differentially loaded with >600Q and each side loaded with 
<10pFtoGND, Cbyp = 2000pF, OUT + and OUT- AC coupled to Din + and Din- respectively, VXgc = 2.2V unless otherwise 
specified. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

READ MODE CHARACTERISICS (Continued) 

Hysteresis Comparator (Continued) 

Vhysp 

Vhys 

Peak Hysteresis Voltage vs HYS 
pin voltage (input referred) 

1V<Vhys<3V 


0.21 


v/v 

li 

HYS Pin Input Current 

1V<Vhys<3V 

0 


-20 

mA 

■o 

LEVEL Pin Max Output Current 


3 



mA 


LEVEL Pin Output Resistance 

lLEVEL~0-3mA 


180 


Q 

Vql 

□out Output Low Voltage 

Ta = 70'’C 

Vdd-4.0 


Vdd-2.5 

V 

Vqh 

□out Output High Voltage 

7a = 70°C I 

Vdd-2.2 


Vdd-T5 

V 

VoL 

□out Output Low Voltage 

Ta = 25°C 

Vdd~4-0 


Vdd-2.8 

V 

Vqh 

□out Output High Voltage 

Ta = 25°C 

Vdd-2.5 


Vdd-T6 

V 


Active Differentiator 


Vip 

Input Signal Range 




1.5 

Vp.p 

R|D 

Differential Input Resistance 

^(CiN+-C|N-) = 1^'^Vp-P@2.5MHz j 

■,■5, 


15 

kQ 

Qd 

Differential Input Capacitance 

V(C,N ^-C,N -) = 100 mVp.p @ 2.5 MHz 



6 

pF 

Zic 

Common Mode Input 
Impedance 

(both sides) I 


2.0 


kQ 

'od 

D|p_^ to D|p_ Pin Current 

Differentiator Imped must be set so as 
not to clip signal at this current level 

±1.3 



mA 

Vio 

Comparator Offset Voltage 

D|p+, D|p_ AC Coupled 


5 


mV 

VoL 

Cqut Output Low Voltage 

0^ Iqh ^ 0.5 mA 


Vdd-3 


V 

Vpo 

Cqut Output Pulse Voltage 

0< loH^0.5mA 


0.4 


V 

PWo 

Cqut Output Pulse Width 

0<loH<0.5mA 


30 


ns 


The following specifications apply over the recommended operating conditions of Vcc = 5V±10%, Vdd = 12V±107o, 
0°C<Ta< 70°C, V(c,^^_c,N_) = V(D„.^^-DjN_) = ''-OVp.p AC coupled sine wave at 2.5 MHz, Rd,p = 100Q, Cd,p=65pF, Vhys = T8V, 
Cos = 60pF, 4kQ to Vcc and lOpF to GND on pin RD unless otherwise specified. 


Output Data Characteristics (Refer to Figure 2) 


tD1 

D-Flip-Flop Set Up Time 

Min delay from V(d,^^_d,n_) 
exceedingthresholdto V(D|p^_DiP ) 
reaching a peak 

0 



ns 

tD3 

Propagation Delay 




110 

ns 

tD5 

Output Data Pulse Width 

Ta = 25°C,Vcc-5V,Vdd = 12V 


±15% 



tD5 

Output Data Pulse Width 
Variation 

Cos=00 pF, See Note 4 

30 


80 

ns 

tD3'tD4 

Logic Skew (Pulse Pairing) 




3 

ns 

h 

Output Rise Time 

Voh = 2.4V 



18 

ns 

tp 

Output Fall Time 

Vol=0.4V 



14 

ns 


Note 1: Absolute maximum ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless otherwise 
specified are measured with respect to ground. 

Note 2: Limits are guaranteed by 100% testing, sampling, or correlation with worst-case test conditions. 

Note 3: ACC amplifier output current may be increased as in Figure 4. 

Note 4: tps = 770 {CqsI 50pF < Cqs < 150pF. 

Note 5: Typicals are parametric norm at 25°C 
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FUNCTIONAL DESCRIPTION 

Operating Modes 

The ML541 has three definitive operation modes which are: 
Read mode, Write mode and Hold mode. These modes are 
defined by input pins HOLDB and R/WB as shown in Table 
I. Read mode, the mode used normally for pulse detection. Is 
assumed in the following sections unless otherwise noted. 

ACC Amplifier Section 

The purpose of the AGC amplifier is to provide a constant 
read signal level for both the level and slope detectors. Full 
differential processing of the read signal is used to minimize 
noise and distortion in the analog signal. A wide gain range is 
required due to large signal variation when moving the re¬ 
cording head from an inside to outside data track or varia¬ 
tions in media. 

The differential output voltage level Vqut I'fom the AGC amp 
is determined by voltage Vagc present at pin AGC. Vqut is 
full wave rectified and compared against Vagc to create 
charge/discharge current for capacitor Cbyp connected at 
pin BYP. Voltage Vbyp across Cbyp controls the gain in the 
AGC amplifier. 

Two distinct values of Ibyp ^re possible which determine a fast 
and slow AGC gain response attack rate. When Vqut i$ rnore 
than 125% of the set level a high value of Ibyp is sourced 
which provides a fast AGC attack rate. When Vqut is within 
100% to 125% of the set level a reduced value of Ibyp is 
sourced which provides a slower attack rate. The fast-slow 
gain response attack rates provides for an initial quick system 
response and then minimum zero crossing distortion of the 
analog signal once the gain is within working range. Vagc 
should be set so that the differential input voltage Vqin into 
the level comparator is IVp.p at nominal Read signal condi¬ 
tions. The AGC amp section gain is given by: 


Hold mode is used so that AGC gain will not be adjusted 
when embedded servo informatibn is read. This prevents 
loosing the pulse peak amplitude information needed during 
position decoding/ or creating additional gain settling time 
when again reading data. Embedded servo pulses are nor¬ 
mally taken at outputs Dip_ and D|p+, as shown in the typical 
application. 

External Filter Network 

Filtering for the level and slope detectors can be performed 
with a single filter or two separate filters. If separate filters are 
used, care must be used to insure that time delays are 
matched. A multi-pole Bessel I filter is recommended due to 
the group delay and linear phase characteristics. 

Level Detector 

The full wave rectified Vqut ‘s buffered and available at pin 
LEVEL. The level detector uses a hysteresis comparator to 
compare the processed read signal amplitude against a refer¬ 
ence voltage derived from voltage Vlevel output from pin 
LEVEL. Using Vlevel provides a feed-forward function that 
allows valid level detection to be performed prior to AGC 
amp gain settling. The level detector hysteresis value is set in 
a way that will only allow relatively large read pulse peaks 
(negative or positive) to be detected. 

Slope Detector 

The slope detector uses an external reactive component 
network to produce a voltage signal proportional to the differ¬ 
ential of the read signal. By using a hysteresis comparator to 
detect zero slope of the read signal, the time occurrence 
of positive or negative read pulse peak values can be 
determined. 

An external reactive network, shown in the Typical Applica¬ 
tion, is used between the D|f+ and D|f_ pins to provide the 
differential function given by: 


Av 2 ^ p Vbyp2 ~ Vbypi 
Avi ^ 5.8 xVj 

Where: Ayi, Av 2 are initial and final amplifier gain values 
corresponding to initial and final Vbyp values. 

Vj = (KT)/Q = 26 mV at room temperature. 

The AGC amp's differential inputs must be AC coupled to the 
read amplifier (ML117, ML501, etc.) differential outputs. Simi¬ 
larly, AC coupling must be used at the AGC amp outputs. 

AGC Amp During Write Mode— When the ML541 is put into 
write mode, the AGC amp's input impedance is lowered to 
allow a faster dampening of the Write to Read transient from 
the head pre-amp. The AGC gain is also set to maximum gain 
so that fast AGC attack will occur when changing back to the 
Read mode. Internal device timing is controlled so that set¬ 
tling occurs prior to Read mode activation. Minimal value 
input coupling capacitors should be chosen to reduce set¬ 
tlingtime, however, bandwidth requirements also need to be 
considered. 

AGC Amp During Hold Mode — During the Hold mode, the 
charge/discharge current driving pin BYP is internally discon¬ 
nected. AGC compensation capacitor Cagc will then hold 
the present gain setting. The amplitude of Vqut will therefore 
not affect the AGC gain and gain will remain constant. 


A = -2QQ0CS 

^ LCs2 -e (R +92)Cs +1 

Where: C = External capacitor (20pF to 150 pF) 
L = Exterrial inductor 
R = External resistor 
s = jcu = j27rf 


Output Logic 

The output logic provides a negative TTL pulse at pin RD 
which begins at the peak of a valid read pulse, as shown 
below. 
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Pin R/WB must be high for the output logic to be active. The Layout Considerations 

key element in the output logic is the D flip-flop. The flip-flop as with any high gain, wide bandwidth analog circuitry, care 

is clocked by the slope detector at the time of a zero crossing, needs to be exercised in PC layout. Power supply and ground 

which loads data from level detector. The flip-flop inputs only ijpgs should be bypassed and well isolated from other cir- 

change state when the level detector detects a peak ampli- cuitry. A ground plane is recommended, as is keeping analog 

tude of a polarity opposite to the previous valid peak. Thus, Upes short and well balanced to prevent interaction with 

through the output logic the slope detector determines out- nearby circuitry in the disk drive, 

put timing and the level detector determines pulse validity. 


BLOCK DIAGRAM 


Din - 

niiTxi lOiiT- 1 niivr. i 1 ri».p i i ntc i nic . i Vrr iVnn 



IdGND IaGC I LEVEL I R/WB ' HYS ' DoUT ’os 
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Figure 1. AGC Timing Diagram 



Figure 2. Output Logic Timing Diagram 
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TYPICAL APPLICATIONS 


► SERVO READ DATA 



OPT + _ OUT- D|n+ C|N- C|n + 

VdD ___ ___ 


GAIN 

CONTROL 


D|F+ _ D|F- 

Vdd 


ONE MrDrEAD 
SHOT I 



Figure 3. Typical Application Diagram 



IOUT+ TO loUT- = 4 mA + - 


Figure 4. Modification of AGC Amplifier Output to Drive Low Impedance Filters 
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ORDERING INFORMATION 


PART NUMBER 

TEMP. RANGE 

PACKAGE 

ML541CP 

0°C to +70°C 

MOLDED DIP (P24) 

ML541CJ 

0°Cto+70°C 

HERMETIC DIP (J24) 

ML541CQ 

0°Cto+70°C 

MOLDED PCC (Q28) 

ML541CS 

0°C to +70®C 

MOLDED SOIC (524) 


5-38 


Micro Linear 





Me, Micro Linear _ ML4041, ML4042 

Read Data Processor 


GENERAL DESCRIPTION 

The ML4041, ML4042 is a monolithic bipolar integrated 
circuit used in disk drive systems to detect amplitude 
peaks generated by the recording heads during a Read 
operation. Connected to the read/write amplifier 
output, it detects valid data and provides a TTL output 
to the data separator. Containing both analog and 
digital circuitry, it supports the reading of MFM and RLL 
encoded data at rates up to 24 megabits/second. 

Operating modes Read, Write, and Hold are selectable with 
input logic signals. Read mode is used for pulse peak detec¬ 
tion during a Read operation. Write mode disables the 
device's output during a Write operation, while Hold mode 
holds the ACC gain constant during recovery of embedded 
servo information. 

By using both level and slope detection, accurate pulse vali¬ 
dation and peak time detection is achieved. The ML4041, 
ML4042 characteristics can be modified to fit particular 
needs through external component selection. The ML4041, 
ML4042 has a swift Write to Read recovery time of 2 /l(S (lOjLts 
max) allowing for better format efficiency with faster access 
times. Pulse pairing of 1 ns max reduces data decoding errors 
by allowing tighter specs for the clock recovery circuit. 


FEATURES 

■ Fully compatible with industry standard read data 
processor 

■ Write to Read recovery time — 2/ys typical, 10//S max 

■ Pulse pairing — Ins max 

■ Data rates up to 24 megabits/second 

■ Supports MFM and RLL encoded read data 

■ 30MHz wide-bandwidth AGC amplifier 

■ Fast AGC region for fast transient recover 

■ Slow AGC region for minimum zero crossing 
distortion 

■ +5V and +12V undervoltage fault detection (ML4042 
only) 

■ Write to read transient suppression 

■ Hold pin supports embedded servo decoding 


The ML4042 is identical to the ML4041 but in addition it 
includes a 4-5 V and -i-12 V undervoltage detector. The 
ML4041 is available in a 24-pin PDIP, 24-pin SOIC, or a 28-pin 
PCC, while the ML4042 is available in a 28-pin PDIP, 28-pin 
SOIC, or a 28-pin PCC. 


SIMPLIFIED BLOCK DIAGRAM 
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PIN GONNECTIONS 

Mt4041 

24-Pln DIP and SOIC Package 


Dif-[ 

1 


] C|N + 

Dif+[ 

2 

23 

] D|N + 

HYS [ 

3 

22 

] C|N- 

LEVEL [ 

4 , 

21 


ACC [ 

5 

20 

] OUT- 

IN+ [ 

6 

19 

] OUT + 

IN- [ 

7 

18 

] ACND 

HOLD [ 

8 

17. 

] BYP 

Vdd [ 

9 

16 

] DGND 

COUT [ 

10 

15 

] Dout 

R/W [ 

11 

14 

] ^ 

os[ 

12 

13 

] Vcc 


TOP VIEW 


ML4042 

28-Pm DIP and SOIC Package 


Dif- [ 

1 

^ .8 

1 C|N + 

Dif+ [ 

2 

V. 

j D|N + 

HYS [ 

3 


J C|N- 

NC[ 

4 

25 


LEVEL [ 

5 

24 

] Din- 

AGC [ 

6 

23 

]oUT- 

IN+ L 

7 

22 

I|oUT + 

IN- [ 

8 

21 

] AGND 

hold[ 

9 

20 

] BYP 

Vdd f 

10 

19 

] DGND 

CouT [ 

11 

18 

] Dout 

R/W[ 

12 

17 

]nc 

os[ 

13 

16 

]rd 

NC[ 

14 

15 

]vcc 


TOP VIEW 
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ML4041 

28-Pin PCC Package 

HYS Dif- D|n + 

NC [ D|f+ [ CiN+ I C|N- 



/ 

1=1 

4 

JH 

3 

1=1 

2 

£=L 

1 

28 

d 

27 

d _ 

26 



LEVEL [ 

5 







25 

3 

NC 

AGC [ 

6 







24 

3 

Din- 

IN+ [ 

7 







23 

3 

OUT- 

IN- [ 

8 







22 

3 

OUT + 

HOLD [ 

9 







21 

3 

AGND 

Vdd [ 

10 







20 

3 

BYP 

Cqut [ 

11 







; 10 

3 

DGND 



12 

13 

14 

15 

16 

17 

18 





"CT 

d 

d 

d 

d 

d 

L_j 





R/W 

NC 

1 

RD 

1 Dout 






OS 


Vcc 


NC 
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28-Pin PCC Package 






HYS 


Dif. 


Din 






NC 

1 ■ 

Difh 

h 1 C|N + 

• 1 

C|N- 





J=I 

m 

IZl 

JZL 

d 

CJ 

r-i 




y 

4 

3 

2 

1 

28 

27 

26 

1 


LEVEL [ 

5 







25 

P Vflt 

AGC [ 

6 







24 

3 

Din- 

IN+ [ 

7 







23 

3 

OUT- 

IN - [ 

8 







22 

3 

OUT + 

Fiold [ 

9 







21 

3 

AGND 

Vdd t 

10 







20 

3 

BYP 

Cout [ 

11 







19 

3 

DGND 



12 

13 

14 

15 

16 

17 

18 





TCT 

T=T 

d 

d 

d 

d 

l_J 





R/W 

' 1 

NC 

1 

RD 

1 

Dout 






OS 


Vcc 


NC 
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NAME FUNCTION 


Vcc 

+5V 

Vdd 

+12 V 

AGND 

Analog Ground. 

DGND 

Digital Ground. 

R/W 

TTL compatible Read/Write Control 
pin. , 

IN+JN- 

Analog Signal Input pins 

OUT+, OUT- 

AGC Amplifier Output pins 

BYP 

The AGC timing capacitor Cagc's 
tied between this pin and AGND. 

HOLD 

TTL compatible pin that holds the 
AGC gain when pulled low. 

AGC 

Reference input voltage level for the 
AGC circuit. 

D|N+/ D|n_ 

Analog input to the hysteresis 
comparator. 


NAME 

FUNCTION 

HYS 

Input for setting hysteresis level of the 
hysteresis comparator. 

LEVEL 

Provides rectified signal level for input 
to the hysteresis comparator. 

Dout 

Buffered test point for monitoring D 
input of the flip-flop. 

Qn+/ Qn- 

Analog input to the differentiator. 

D|F+/ D|F- 

External differentiating network con¬ 
nection pins. 

CoUT 

Buffered test point for monitoring the 
clock input to the flip-flop. 

OS 

Connection for read output pulse 


width setting capacitor Cos- 


TTL compatible read output. 

Vflt 

Undervoltage detector output/active 
low; ML4042 only. 


TABLE IMODE SELECT 


R/W 

HOLD 

MODE 

DESCRIPTION 

1 

1 

READ 

AGC amp section active, Digital section active. 

1 

0 

HOLD 

AGC gain constant. Digital section active. 

0 

X 

WRITE 

AGC gain maximum. Digital section inactive. 

Input common mode resistance reduced. 


0 = Logic level low 
1 = Logic level high 
X = Don't care 
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ABSOLUTE MAXIMUM RATINGS 

(Note 1) 


Power Supply Voltage Range 

\/qc . —0.3to6Vpc 

VpD . -0.3tol4Vpc 

Terminal Voltage Range 

R/WJN+, IN-,HOLD . -0.3Vto Vcc+0.3V 

RD . -0.3VtoVcc +0.3Vor+12mA 

All others . -0.3Vto Vqd+0.3V 

Storage Temperature Range .- 65°C to +150°C 

Junction Temperature (Tj) . +135°C 

Lead Temperature (Soldering, 10sec) . 260°C 


OPERATING CONDITIONS 


Supply Voltage 

Vcc .5V±10% 

VpD .12 V ±10% 

y(C|N + -C|N.)-V,D|^^.D|l^_) . IVpp 

VhYS . 

Cos .50 to 200 pF 

Typical Component Values (Refer to Typical Applications) 


C|N . • 

Cs ... 

Cqut 

Rout 

Cagci 

CaGC2 

Ragc 

Clevel 

Rleveli 

RlEVEL2 

Cos • • 


. 0.001/iF 

.. O.OImF 
0.0047/2F 
.. 400Q 
.. 220pF 
. 2000 pF 
. 2.21 kQ 
.. 150pF 
. 1.54kQ 
. 6.49 kQ 
. .. 50pF 


ELECTRICAL CHARACTERISTICS 

The following specifications apply over the recommended operatingconditionsof Vcc=5V ±107o, Vdd = ^2V±107o, 
0°C<Ta< 70°C and external components as specified under operating conditions unless otherwise specified. (See Note 2.) 






TYP 



SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

NOTE 4 

MAX 

UNITS 


DC Characteristics 


■cc 

Vcc Supply Current 

Outputs unloaded 



14 

mA 

■dd 

Vdd Supply Current 

Outputs unloaded 



70 

mA 

Pd 

Power Dissipation 

Outputs unloaded, 

Ta = 70°C 



930 

mW 


Digital Inputs Characteristics (HOLD, R/W) 


V,H 

Fligh Voltage 


2 



V 

V|L 

Low Voltage 


-0.3 


0.8 

V 

l|H 

High Current 

> 

N 

I 

> 



100 

fuA 

l|L 

Low Current 

V|l = 0.4V 

-0.4 



mA 


Digital Outputs Characteristics {Cpuj, RD) 


Vql 

Output Low Voltage 

loL = 4mA 



0.4 

V 

Vqh 

Output High Voltage 

loH = 400/iA 

2.4 



V 


WRITE AND HOLD MODE CHARACTERISTICS 


Mode Control 


tRW 

Read to VVrite 

Transition Time 




1 

lus 

tWR 

Write to Read Transition Time 

ACC settling not included, 
time to high input resistance 

1.2 


3 

IAS 

tRH 

Read to Hold Transition Time 




1 

IAS 


Write Mode 


Zic 

Common Mode Input 

R/W pin = low 


250 


Q 


Impedance (both sides) 







^3^ Micro Linear 
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ELECTRICAL CHARACTERISTICS (Continued) 

The following specifications apply over the recommended operating conditions of Vcc=5 V ±10%, Vdd = 12V±10%, 
0°C<Ta< 70°G, in + and IN - AC coupled, OUT + and OUT - differentially loaded with >600Q and each side loaded with 
<10pF to GND, Cbyp=2000pF, OUT+ and OUT - AG coupled to D|n+ and D|n_ respectively, Vagc== 2.2V unless otherwise 
specified. (See Note 2.) 






TYP 



SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

NOTE 4 

MAX 

UNITS 


READ MODE CHARACTERISICS 


ACC Amplifier 


R|D 

Differential Input Resistance 

V(||vj+_|[y|_) = 1(X)mVp.p @ 2.5 MHz 


5 


kQ 

Qd 

Differential Input Capacitance 

V(||sj+_||sj_) = 100mVp.p@ 2.5MHz 



10 

PF 

Zic 

Common Mode Input 
Impedance (both sides) 

R/W pin high 


1.8 


kQ 

R/W pin low 


0.25 


kQ 

^Vmax 

Maximum Gain 

Vbyp=2.6V 

83 



V/V 

'^Vmin 

Minimum Gain 

Vbyp = 6V 

2 


4 

v/v 

eN 

Input Noise Voltage 

Gain set to maximum 



30 

nV/x/Hz 

BW 

Bandwidth 

Gain set to maximum, -3dB point 

30 



MHz 

AVos 

Maximum Gain and Minimum 
Gain AGC Amp Output Offset 
Voltage Difference 

Vbyp= 2.6 V for maximum gain 

Vbyp= 5.0 V for minimum gain 



700 

mV 

''bypmax 

Max Voltage at BYP Pin at 
Minimum Gain 

V(D|n+-D|n-)-1-6V,Vacc-3,0V 


6.0 

6.7 

V 

Vqp 

Maximum Output Voltage 
Swing 

SetbyVAGc 

3 



Vp-p 

Iqd 

OUT 4- to OUT - Pin Current 

No DC path to GND, See Note 3 

±3.2 



mA 

Ro 

Output Resistance 



18 

32 

Q 

Cq 

Output Capacitance 



12 


pF 

Vip 

Vagc 

(D|n + —D|n_) Input Voltage 
Swing VS AGC Input Level 

30mVp.p^ V(|fv|+_iN-)^ 550mVp.p, 
0.5Vp.p<V(D,N^_D,N_)<l-5Vp.p 

0.37 

0.48 

0,56 

Vp.p/V 

Vip 

(D|n + — D|n-) Input Voltage 
Swing Variation 

30 m Vp.p <V(||s|+_iisi_)< 550 mV p.p, 

AGC Fixed, over supply and temp. 



±8 

% 

to 

Gain Decay Time 

See Figure la; V|n = 300 mVp.p 
then >150mVp.pat2.5MHz, 

Vqut to 907o of final value. 


50 


MS 

tA 

Gain Attack Time 

See Figure 1b; from Write to Read 
transition to Vqut 110% of final 
value, V|N=400 mVp.p@ 2.5 MHz 


4 


MS 

•AGCfc 

Fast AGC Capacitor 

Charge Current 

V(D,n.-d,n-)-1-6V,Vacc-3.0V 

T3 

1.5 

2.0 

mA 

UgCsc 

Slow AGC Capacitor 

Charge Current 

V(D|n+-D|n.)- 1-6V, Vary Vagc until 
slow discharge begins 

0.14 

0.17 

0.22 

mA 


Fast to Slow Attack 

Switchover Point 

V(D|n + -D|n.) 


1.25 


“ 

V(D|N+-D|N-)F'"al 

■agcd 

AGC Capacitor 

Discharge Current 

V(D,n+-D,n_)=0-0V Read Mode 


4.5 


gA 

Hold Mode 

-0.2 


+0.2; 

mA 

CMRR 

CMRR (Input Referred) 

V|N+=ViN - = 100 mVp.p @ 5 MHz, 
gain at maximum 

40 



dB 

PSRR 

PSRR (Input Referred) 

Vcc or Vdd =100 mVp.p @ 5 MHz, 
gain at maximum 

30 ^ 



dB 

TREC 

Write to Read Recovery Time. 
Includes AGC Settling 

V(||s|+_,iiyi_)=100mVp.p @ 2.5MHz 

1.2 

2 

10 

JWS 
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ELECTRICAL CHARACTERISTICS (Continued) 

The following specifications apply over the recommended operating conditions of Vcc=5 V ± 10%, Vdd = 12V ± 10%, 
0°C<Ta< 70°C, in + and IN - AC coupled, OUT + and OUT - differentially loaded with >600Q and each side loaded with 
<10pFtoGND, Cbyp = 2000pF, OUT+and OUT- AC coupled to DiN+and D|n_ respectively, Vagc = 2.2V unless otherwise 
specified. (See Note 2.) 






TYP 



SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

NOTE 4 

MAX 

UNITS 


READ MODE CHARACTERISICS (Continued) 


Hysteresis Comparator 


Vip 

Input Signal Range 




1.5 

Vp.p 

R|D 

Differential Input Resistance 

'^(D|n+-D|n _) = 100 @ 2.5 MHz 

5 


15 

kQ 

C|D 

Differential Input Capacitance 

'^(D||si+-D |n _) = 100 m Vp.p @ 2.5 MHz 



6.0 

pF 

Zic 

Common Mode Input 
Impedance 

(both sides) 


2.0 


kQ 

V|0 

Comparator Offset Voltage 

HYS pin at -0.5 V, < 1.5 kQ across 

DiN-i-/ D|[si_ 


5 


mV 

Vhysp 

Vhys 

Peak Hysteresis Voltage vs HYS 
pin voltage (input referred) 

1V<Vhys<3V 

0.16 

0.21 

0.25 

V/V 

li 

HYS Pin Input Current 

1V<Vhys<3V 

0 


-20 

mA 

>o 

LEVEL Pin Max Output Current 


3 



mA 

Ro 

LEVEL Pin Output Resistance 

Ilevel” 0.5 mA 


180 


Q 

VoL 

Dqut Fii^ Output Low Voltage 

Ta = 70°C 

Vdd-4.0 


Vdd-2.5 

V 

Vqh 

Dqut Output High Voltage 

Ta = 70°C 

Vdd-2.2 


Vdd“1-3 

V 

< < 

z < 

Level Pin Output Voltage vs 

^(D|n + -D|n_) 

0.6< 1 V(D„^ _ D,|.j _) 1 < 1.3 Vp.p 

10 kQ from level pin to GND 

1.5 


2.5 

V/Vp.p 


Active Differentiator 


V,P 

Input Signal Range 




1.5 

Vp.p 

Rid 

Differential Input Resistance 

V(C,N+-C,N _) = 100 niVp.p @ 2.5 MHz 

5 


11 

kQ 

C|D 

Differential Input Capacitance 

V(CiN+-C|N_) = 100mVp.p@2.5MHz 



6 

pF 

Zic 

Common Mode Input 
Impedance 

(both sides) 


2.0 


kQ 

•OD 

D|f+ to D|f_ Pin Current 

Differentiator Imped must be set so as 
not to clip signal at this current level 

±1.3 



mA 

V|0 

Comparator Offset Voltage 

D|f+, Dif_ AC Coupled 


5 


mV 

VoL 

CouT Pin Output Low Voltage 

0^ Iqh ^ 0.5 mA 


Vdd-3 


V 

Vpo 

Cqut Pin Output Pulse Voltage 

0< Iqh ^ 0.5 mA 


0.4 


V 

PWo 

Cqut Pin Output Pulse Width 

0< Iqh ^ 0.5 mA 


30 


ns 

Ay 

Voltage Gain From C|n + to 
D|f± 

R(D|f +to D|f_) ~ ^ R® 

1.7 


2.2 

. V/V 


Undervoitage Detector (ML4042 Only) 


VcCTH + 

Vcc Fault Threshold + 

Vflt transition frorn low to high 

3.8 

4.2 

4.5 

V 

VcCTH- 

Vcc Fault Threshold - 

Vflt transition from high to low 

3.8 

4.1 

4.5 

V 

Vddth+ 

Vqd Fault Threshold + 

Vflt transition from low to high 

9.6 

10.2 

10.8 

V 

Vddth- 

Vdd Fault Threshold - 

Vflt transition from high to low 

9.6 

10.0 

10.8 

V 

VoL 

Output Low Voltage (Vflt) 

loL = 1-6niA 



0.4 

V 

Vqh 

Output High Voltage (Vflt) 

loH=-400/iA 

2.7 



V 
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ELECTRIGAL CHARACTERISTICS (Continued) 

The following specifications.apply over the recommended operating conditions of Vqc =5 V ± 10%, Vd[>== 12 V ±10%, 
0°G<X^<70^G; V(G,-^_c,N_)=V(D,N^_Di^_H.OVp.p AC coupled sine N^eat2.5MHz,R^ CD,p=65phVHYs = T8\^ 

Cos = 60pF, 4kQ to Vcc and lOpF to GND on pin RD unless otherwise specified. 






TYP 



SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

NOTE 4 

MAX 

UNITS 


Output Data Characteristics (Refer to Figure 2) 


toi 

P-Flip-Flop Set Up Time 

Min delay from V(D|n^_D|n_) 
exceed ingthresholcltoV(D|p^_DlP_) 
reaching a peak 

0 : 


. 

.ns 

tD3 

Propagation Delay 




110 

ns 

tos 

Output Data Pulse Width 
Variation 

(See Note 5) 

Cos = 60pF, Ta = 25‘>C 

40 

50 

65 

ns 

^03404 

Logic Skew (Pulse Pairing) 




1 

ns 

k 

Output Rise Time 

Voh-2.4V 



18 

ns 

tp 

Output Fall Time 

Vol=0.4V 



14 

ns 


Note 1: Absolute maximum ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless otherwise 
specified are measured with respect to ground. 

Note 2: Limits are guaranteed by 100% testing, sampling, or correlation with worst-case test conditions. 

Note 3: AGC amplifier output current may be increased as in Figure 4. 

Note 4: Typicals are parametric norm at 25°C., 

Notes:, tos = 830 (Cos), 50pF < Cos < 150pF 


FUNCTIONAL DESCRIPTION 

Operating Modes 

The ML4041, ML4042 has three definitive operation modes 
which are: Read mode. Write m ode and Hold mode. These 
modes are defined by input pins HOLD and R/W as shown 
in Table 1. Read mode, the mode used normally for pulse 
detection, is assumed in the following sections unless other¬ 
wise noted. 

AGC Amplifier Section 

The purpose of the AGC amplifier is to provide a constant 
read signal level for both the level and slope detectors. Full 
differential processing of the read signal is used to minimize 
noise and distortion in the analog signal. A wide gain range is 
required due to large signal variation when moving the re¬ 
cording head from an inside to outside data track or varia¬ 
tions in media. 

The differential output voltage level Vqut ^rom the AGC amp 
is determined by voltage Vagc Present at pin AGC. Vqut's 
full wave rectified and compared against Vagc to create 
charge/discharge current for capacitor Cbyp connected at 
pin BYP. Voltage Vbyp across Cbyp controls the gain in the 
AGC amplifier. 

Two distinct values of Ibyp are possible which determine a fast 
and slow AGC gain response attack rate. When Vqut 'S more 
than 125% of the set level a high value of Ibyp is sourced 
which provides a fast AGC attack rate. When Vqut is within 
100% to 125% of the set level a reduced value of Ibyp is 
sourced which provides a slower attack rate. The fast-slow 
gain response attack rates provides for an initial quick system 


response and then minimum zero crossing distortion of the 
analog signal once the gain is within working range. Vagc 
should be set so that the differential input voltage Vd|,sj into 
the level comparator is 1 Vp.p at nominal Read signal condi¬ 
tions. The AGC amp section gain is given by: 

Av2 ^ VbYP2 - VbYPI 
Avi . 5.8 X Vt 

Where: Ayp Av 2 are initial and final amplifier gain values 
corresponding to initial and final Vbyp values. 

Vj = (KT)/Q = 26mV at room temperature, 

The AGC amp's differential inputs must be AC coupled to the 
read amplifier (ML117, ML501, etc.) differential outputs. Simi¬ 
larly, AC coupling must be used at the AGC anip outputs. 

AGC Ampi During Write Mode— When the ML4041, ML4042 
is put into write mode, the AGC amp's input impedance is 
lowered to allow a faster dampening of the Write to Read 
transient from the head pre-amp. The AGC gain is also set to 
maximum gain so that fast AGC attack will occur when 
changing back to the Read mode. Internal device timing is 
controlled so that settling occurs prior to Read mode activa¬ 
tion. Minimal value input coupling capacitors should be 
chosen to reduce settling time, however, bandwidth require¬ 
ments also need to be considered. 
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AGC Amp During Hold Mode— During the Hold mode, the 
charge/discharge current driving pin BYP is internally discon¬ 
nected. AGC compensation capacitor Cagc will then hold 
the present gain setting. The amplitude of VouT will therefore 
not affect the AGC gain and gain will remain constant. 

Hold mode is used so that AGC gain will not be adjusted 
when embedded servo information is read. This prevents 
loosing the pulse peak amplitude information needed during 
position decoding, or creating additional gain settling time 
when again reading data. Embedded servo pulses are nor¬ 
mally taken at outputs D|f- and D|f+, as shown in the typical 
application. 

External Filter Network 

Filtering for the level and slope detectors can be performed 
with a single filter or two separate filters. If separate filters are 
used, care must be used to insure that time delays are 
matched. A multi-pole Bessell filter is recommended due to 
the group delay and linear phase characteristics. 

Level Detector 

The full wave rectified VquT's buffered and available at pin 
LEVEL. The level detector uses a hysteresis comparator to 
compare the processed read signal amplitude against a refer¬ 
ence voltage derived from voltage Vlevel output from pin 
LEVEL. Using Vlevel provides a feed-forward function that 
allows valid level detection to be performed prior to AGC 
amp gain settling. The level detector hysteresis value is set in 
a way that will only allow relatively large read pulse peaks 
(negative or positive) to be detected. 

Slope Detector 

The slope detector uses an external reactive component 
network to produce a voltage signal proportional to the differ¬ 
ential of the read signal. By using a hysteresis comparator to 
detect zero slope of the read signal, the time occurrence 
of positive or negative read pulse peak values can be 
determined. 

An external reactive network, shown in the Typical Applica¬ 
tion, is used between the Dif+ and D|f_ pins to provide the 
differential function given by: 


Output Logic __ 

The output logic provides a negative TTL pulse at pin RD 
which begins at the peak of a valid read pulse, as shown 
below. 



Pin R/W must be high for the output logic to be active. The 
key element in the output logic is the D flip-flop. The flip-flop 
is clocked by the slope detector at the time of a zero crossing, 
which loads data from level detector. The flip-flop inputs only 
change state when the level detector detects a peak ampli¬ 
tude of a polarity opposite to the previous valid peak. Thus, 
through the output logic the slope detector determines out¬ 
put timing and the level detector determines pulse validity. 

Layout Considerations 

As with any high gain, wide bandwidth analog circuitry, care 
needs to be exercised in PC layout. Power supply and ground 
lines should be bypassed and well isolated from other cir¬ 
cuitry. A ground plane is recommended, as is keeping analog 
lines short and well balanced to prevent interaction with 
nearby circuitry in the disk drive. 


^ __ -20Q0C5 

^ LCs2 + (R -h 92) Cs 4- 1 

Where: C = External capacitor (20 pF to 150pF) 
L = External inductor 
R = External resistor 
s = jo) = j27rf 
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BLOCK DIAGRAM 



*ML4042ONLY 
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TYPICAL APPLICATIONS 


> SERVO READ DATA 



Figure 3. Typical Application Diagram 


IN+ ( 

IN- ( 


OUT- 

O- 


IOUT+ = loUT- = 4.2 mA + 


Rext. 


Figure 4. Modification of AGC Amplifier Output to Drive Low Impedance Filters 
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ORDERING INFORMATION 


PART NUMBER 

TEMP. RANGE 

PACKAGE 

ML4041CP 

0°C to +70°C 

MOLDED DIP (P24) 

ML4041CQ 

0°C to +70°C 

MOLDED PCC (Q28) 

ML4041CS 

0°C to +70°C 

MOLDED SOIC (S24) 

ML4042CP 

0°C to +70°C 

MOLDED DIP (P28) 

ML4042CQ 

0°C to +70°C 

MOLDED PCC (Q28) 

ML4042CS 

0°C to +70®C 

MOLDED SOIC (S28) 


Micro Linear 


5-49 




July 1992 


Micro Linear 


ML4401 
Servo Demodulator 


GENERAL DESCRIPTION 

The ML4401 provides all of the analog circuitry necessary for 
the demodulation of di-bit servo signal information in 
Winchester disk drives. It interfaces to the servo head preamp 
and provides quadrature position signal outputs for the servo 
controller circuitry. 

The ML4401 includes a high-performance 592-type input 
amplifier and differential AGC circuit. External logic is de¬ 
signed to meet the needs of the particular servo system utiliz¬ 
ing the VCO and Charge Pump to create a PEL time base for 
Peak Detector gating. The SYNC output provides servo chan¬ 
nel timing information for the logic. 

The ML4401 when combined with the ML4402, 
ML4406/07/08 Servo Driver, the ML4403, ML4413 Servo 
Controller and the ML4404 Trajectory Generator, 
provides a flexible closed-loop servo control system. 


FEATURES 

■ Combines all analog di-bit demodulation circuitry 

■ Logic track-type switching can be used to minimize 
demodulator offset 

■ Exponential AGC characteristics makes AGC settling 
independent of input step size 

■ External loop compensation of analog blocks 

■ External digital circuitry allows flexible pattern format 

■ On-chip band gap voltage reference eliminates exter¬ 
nal referencing 

■ Operates from 12 V power supply 

■ Compatible with Micro Linear's ML4403, ML4413 
Servo Controller, ML4402, ML4406/07/08 Servo 
Driver and ML4404 Trajectory Generator 
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ML4401 28-Pm PCC 


VCOP VCOL FDEC POSA 



PIN CONNECTIONS 


ML4401 28-Pin DIP 
(Prototypes Only) 



28 ] FDEC 
] POSB 
26 ] POSA 
] SYNC 
] Cdc 


P CATEI 


PIN DESCRIPTION 


PIN# 

NAME 

FUNCTION 

1 

FINC 

Charge pump frequency incre¬ 
ment input (TTL). 

2 

VCOL 

PLL loop compensation terminal. 

3 

VCOl 

VCO high impedance input. 

4 

VCOP 

VCO positive output, for capaci¬ 
tive feedback to VCOL 

5 

VCON 

VCO negative output, drives resist¬ 
ance feedback to VCOl, also pro¬ 
vides ECL output on ML4401 and 
TTL output on ML4411. 

6 

Vcc 

-1-12 V supply. 

7 

Vref 

Voltage reference output (-I-5V). 

8 

GND 

Ground. 

9 

VagC 

AGC gain reference voltage input. 

10 

Cagc 

External capacitor terminal to set 
AGC response. 

11 

GAIN1 

Input amplifier gain adjusting RC 
. terminal 1. 

12 

INX 

X input into input amplifier. 

13 

INY, 

Y input into input amplifier. 

14 

GAIN2 

Input amplifier gain adjusting RC 
terminal 2. 


PIN# 

NAME 

FUNCTION 

15 

CAP1 

Peak detector 1 capacitor terminal. 

16 

CAP2 

Peak detector 2 capacitor terminal. 

17 

CAP3 

Peak detector 3 capacitor terminal. 

18 

CAP4 

Peak detector 4 capacitor terminal. 

19 

GATE1 

Peak detector 1 gate input (TTL) 
high enabled, low disabled. 

20 

GATE2 

Peak detector 2 gate input (TTL) 
high enabled, low disabled. 

21 

GATE3 

Peak detector 3 gate input (TTL) 
high enabled, low disabled. 

22 

GATE4 

Peak detector 4 gate input (TTL) 
high enabled, low disabled. 

23 

TP 

Composite test point, normally left 
unconnected. 

24 

Cdc 

External capacitor terminal to set 
DC restore response. 

25 

SYNC 

SYNC pulse output (TTL). 

26 

POSA 

Position output A. 

27 

POSB 

Position output B. 

28 

FDEC 

Charge pump frequency decre¬ 
ment input (TTL). 
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ABSOLUTE MAXIMUM RATINGS 

Absolute maximum ratings are those values beyond which the 
device could be permanently damaged. Absolute maximum ratings 
are stress ratings only and functional device operation is not implied. 


Power Supply Voltage, Vqq ........ 14V 

Input Voltages: 

GAIN1, GAIN2 . -0.3 to 8V 

Cagc .. . .. -0.3 to 7.0V 

Vacc ..... -0.3 to 5.3V 

CAP1, CAP2, GAP3> GAP4 ..... 3.0 to 10V 

GATE1, GATE2, GATES/ GATE4 , VGOP .. -0.3 to 7.5V 

INX, INY, VGON, VGOI, FING, FDEG, Gpc 

... -0.3 to Vcc+0.3V 

0jA for 28-Pin Plastic Dip . ^60°G/Watt 

03 A for 28-Pin PLGG .. 60®G/Watt 

Storage Temperature Range . -65°G to 150®G 

Junction Tempearture (Tjmax) .. 150®G 

Lead Temperature (Soldering, lOsec) .. 260®G 


OPERATING CONDITIONS 


Temperature Range .....0^ G to 70° G 

Supply Voltage {Vqc) .......12Vdc±10% 

Input GouplingGapacitance (Gi) .....0.01pF 

Input Amp Gain Gapacitance (Gg) . 0.047pF 

Input Amp Gain Resistance (Rg) ... 1 kQ 

AGG Response Gompensation Gapacitance (Ga) . 0.082 pF 

Gomposite DG Restore Gapacitance (Gp) ..0.01 pF 

PLL Compensation Gomponents: 

Ccpi . OdpF 

CcP2... 

Rcp . 910Q 

PLL Gain Components: 

Rv . 1000Q 

RL1, RL2 ..:.. 1000Q 

Peak Detector Capacitance (CAP1 thru CAP4) .. 270pF 

SYNC Output Pull-Up Resistor (to 5 V) . 3.3k 

On track Base-to-Peak Voltage at pin TP .1.75V 

Vga Gain Control Voltage (at pin Cagc) . . 


ELECTRICAL CHARACTERISTICS 

The following specifications apply over the recommended operating conditions of Ta = 0 to 70° C, Vcc = 10-8 to 13.2 V, 
VvAGC = 5.0V, and external components as recommended above, unless otherwise specified (See Note 1.) 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

TYP 
NOTE 2 

MAX 

UNITS 

Power Supply 

'cc 1 

Supply Current 

Vcc = 12V 


81 

110 

mA 

TTL Inputs FINC, FDEC, GATE1, GATE2, GATE3, GATE4 

V,H 

High Level Input Voltage 


2.0 



V 

V,L 

Low Level Input Voltage 




0.8 

V 

IlH 

High Level Input Current 

V,h = 2.4V 

-1 


30 

mA 

111 

Low Level Input Current 

V,l==0.4V 

-20 


"1 

pA 

SYNC Output (TTL Open Collector) See Note 3 

Vql 

Low Level Output Voltage 

loL = 1-6mA 

0' , 

0.3 

0.5 

V 

VjHR ' 

Positive going input threshold 



Vref+0.9 


V 

Vthf 

Negative going input threshold 



Vref 


V 

fpD ± 

Propagation Delay Rising, 
Falling 

RL = 2k,CL = 15pF 


50 


ns 

VCOP Output ML4401 aA = 25° C) 

Vqh 

High Level Output Voltage 

RL=1kQ 

4.0 

4.3 

4.6 

V ‘ 

VoL 

Low Level Output Voltage 

RL=1kQ 

2.9 

3.2 

3.5 

V 

VCOP Output ML4411 

Vqh 

High Level Output Voltage 

Ioh = 50^A 

2.4 



V 

Vql 

Low Level Output Voltage 

loL = 1-6mA 

0 


0.5 

V 


VCO and Charge Pump Section 


Ibias 

Vcoi Input Bias Current 


0 

25 

50 

pA 

IcH/ bis 

VcoL Charge and Discharge 
Current 


495 

660 

825 

pA 

bn/bis 

VcoL Charge/Discharge Ratio 


0.95 

1.00 

1.05 

pA/juA 

•off 

VcoL Ol^l^ State Current 

F1NC=2.0 

FDEG=0.8 

0 

25 

50 

nA 
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ELECTRICAL CHARACTERISTICS (Continued) 

The following specifications apply over the recommended operating conditions ofTA = 0to 70° C, Vcc = 10*8to 13.2 V, 
Vagc = 5.0 V, and external components as recommended above, unless specified (See Note 1.) 






TYP 



SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

NOTE 2 

MAX 

UNITS 


VCO and Charge Pump Section (Continued) 


Fmax 

MAX VCO Frequency to Main¬ 
tain - 1 - and - 5% Control 

Range Note 4 


30 



MHz 

Fvco 

VCO Frequency Range 

Note 4 

Ta = 25°C, Vcc = 12, VcoL = 6V 

Cv = lOOOpF, Rv = 6040 

9.7 

10.0 

10.3 

MHz 

Kvco 

VCO Voltage to Frequency 
Factor 



2 


%/V 


Input AMP, ACC AMP^ and DC Restore 


R|N 

INX, INY Differential Input 
Resistance 


7.5 ■ 

10 

20 

kQ 

IgAIN1,2 

GAINI, GAIN2 Bias Current 


0.66 

1.0 

1.20 

mA 

Ibias 

Vagc Input Bias Current 


-0 • 

■5 

20 

pA 

Cmagc 

AGC Transconductance at 

Cagc 



370 

' 

mMHOS 

Ragc 

Control Range of AGC Loop to 
Regulate Composite Amplitude 
to within 2% of Nominal 



7/1 , . 


v/v 

BW 

Bandwidth from INX, INY to 
Composite Note 4 

1 

10 

15 


MHz 

GMDCR 

DC Restore Transconductance 

_i 

_ 1 

200 

_^_ 1 

/iMHOS 


Peak Detectors 


■cH 

Charge Current 


12.7 



mA 

bis 

Discharge Current 

Ta = 25°C 

25 

45 

60 

pA 

Tcdis 

Tempco of Ipis 



-0.17 


lxA/°C 


Voltage Reference 


Vref 

Reference Voltage 

Ta = 25°C 

4.85 

5.10 

5.35 

V 

TC 

Tempco 



50 


ppm/°C 

Rout 

Load Regulation 



2 


mV/mA 

PSRR 

Line Regulation 



10 


mV/V 

•sink 

Maximum SINK Current 


0.8 



mA 


Output Amplifiers (POSA, POSB) 


Vqs 

Input Offset 

VcAp1-4=6V 1 

-10 

0 

10 

mV 

Av 

Gain 


1.23 

1.28 

1.33 

V/V 

Ava/Avb 

Gain Tracking 


-3 

0 

-f3'., , 

% 

Vqut 

Output Voltage Range 


1.0 


9.5 

V 

■sRC 

Output Sou rce Cu rrent 


5 



mA 

■SNK 

Output Sink Current 


2 



mA 

SR 

Slew Rate 



2.5 


V/l^s 

BW 

3dB Gain Bandwidth 



3 


MHz 


Note 1: 0° C to 70° C operating temperature range devices are 100% tested with temperature limits guaranteed by 100% testing, sampling, or 
correlation with worst-case test conditions. 

Note 2: Typicals are parametric norm at 25° C. 

Note 3: Pin 25 is an open collector output which should not exceed 7 volts in the high state. 

Note 4: This parameter is guaranteed but not 100% tested and is not used in outgoing quality level calculations. 

APPLICATION HINTS 

Using a nominal on-track servo signal, amplitude adjustment should be made as follows: 

1. Set composite signal amplitude, measured at pin TP, by adjusting voltage at pin Vagc (approximately 4.7 volts). The composite signal should 
be set to 1.75 volts base to peak of an on-track position pulse (an off-track position pulse will be about 3.5 volts maximum). 

2. Adjust Rg so that the VGA is in mid-range. This is determined by measuring the voltage at pin CagcJ' t should be approximately 
0.9 volts. Cagc voltage will vary approximately ± 0.5 volts over the AGC range. 
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FUNCTIONAL DESCRIPTIQN 

Input Amplifier 

The input amplifier is equivalent to a wide-band 592 type 
video amplifier and provides amplification and buffering to 
the AGC circuitry. The Inputs INX and INY, which must be 
AC coupled, accept the composite analog signal from the 
servo head differential preamplifier. Internal input termina¬ 
tion resistors eliminate the need for external bias resistors. 
Prefiltering of the signal is normaly desired to eliminate un¬ 
wanted components. External components Re and Cg deter¬ 
mine the input amplifier's low frequency cutoff and gain as 
follows: 

PC ^ 1 ^ ^ 1700 

271 (Rg + 60Q) Cg ^ ^ Rg + 60Q 

Where: Cg = External series capacitance between pins 
GAIN1andGAIN2 

Rg = External series resistance between pins 
GAINIandGAINZ 

Automatic Gain Control (AGC) 

The purpose of the AGC loop is to maintain a constant peak 
output voltage level at outputs POSA and POSB. This peak 
level is established by the reference voltage applied to pin 
Vagc* 

Vp.p (Composite) X V^GC + 

Where: K1 = 0.65 

K2 = 0.41V 

In this closed-loop system, the peak detector output voltages 
are fed back and combined with the Vagc voltage to provide 
a gain control current. The current controls the variable gain 
amplifier (VGA) and is compensated at pin Cagc to provide 
control of AGC bandwidth. The bandwidth of the entire AGC 
loop is determined by: 

BW = ICy VAGC ,, 

2n Ca 

Where: K = 4.3 x 10-4 

Wagc = External reference voltage at pin Vagc 
Ca = External capacitance at pin Cagc 

Optimum system stability is achieved by deriving Vvagc ^om 
the Vref output using a resistive divider. 

Composite Amplifier 

The input amplifier and AGC circuit of the ML4401 operate in 
a differential signal mode to provide good common mode 
and power supply rejection. The composite amplifier con¬ 
verts the differential signal into a buffered single-ended signal 
for the peak detector circuitry. The DC base line of the com¬ 
posite signal is equal to Vref • The bandwidth of the DC 
restore function is controlled by capacitor Cp at pin Cqc with 
the following relationship: 


Where: gm = VskQ 

Cd = External capacitance at pin Cqc 
T he composite signal is available at pin TP and is normally left 
unconnected. For short circuit protection a 425Q resistor is 
connected in series with pin TP internally. 


Synchronization Pulse Separator 

The SYNC pulse separator is a threshold comparator with 
hysteresis which passes pulses from the composite amplifier 
above a set threshold. It provides a buffered open collector 
TTL output. The SYNC output, when gated through an exter¬ 
nal one-shot, is used to control the external gate timing and 
PEL logic. 

Peak Detector 

The peak detector Circuit captures the peak signal amplitude 
of the di-bit pulses. The gates are controlled by inputs GATE1 
through GATE4. Timing is established by the external logic 
circuitry. The external peak detector capacitors are con¬ 
nected from pins CAP1 through CAP4 to ground. The peak 
detector discharge rate (set by CAP1-CAP4) determines the 
maxirrium track crossing rate during an access operation. The 
performance of this block can be enhanced by using the 
velocity output of the ML4403, ML4413 to create a velocity 
proportional discharge. The peak detector outputs are fed 
into internal differential amplifiers that calculate the track 
error signals and provide buffered outputs POSA and POSB 
as follows: 

POSA = 1.25 (CAP1-CAP2) +Vref 
POSB = 1.25 (CAP3-CAP4) -f Vref 
Voltage Controlled Oscillator and Charge Pump 
The VCO and external phase compare logic provi de a tim e 
base for peak detector gate sychronization. Inputs FINC and 
FDEC provide increment and decrement signals to the charge 
pump for changing the oscillator frequency. The FINC and 
FDEC inputs gate the charge pump for the duration of the 
pulse width. The RC timing network formed by Cy and Ry at 
pins VCOI, VCON, and VCOP control the oscillators center 
frequency. (See Typical Performance Characteristics) 

Ry should be greater than 330Q. Too low of a value will result 
in excessive power dissipation. RL1, RL2 and Ry should be 
approximately equal, although the values of RL1 and RL2 do 
not require accuracy. 

The VCO output should only be taken from pin VCON. 
Charge pump capacitor Ccpi is connected from pin VCOLto 
ground. Components Rcp and Ccp 2 are also connected in 
series from pin VCOL to ground to provide VCO loop com¬ 
pensation. 

Internal Voltage Reference 

Vref's an internal band-gap voltage reference. It is buffered 
and available at pin Vref is used by the ML4402, 

ML4403, ML4404 and other chips requiring a 5 volt refer¬ 
ence. 

External Logic 

The external logic provided by the user typically has a com¬ 
plexity of about 150 to 300 equivalent gates. Complexity and 
architecture depends on the users di-bit pattern and control 
function. 

Note: Stray capacitance should be considered in applying the 
above relationships when low capacitor values are used. 

Stray capacitance of the Integrated circuit terminal is typically 
about 2 to 3 pF. 
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TYPICAL PERFORMANCE CHARACTERISTICS 


FVCO 

MHz 



Cv(pF) 



ORDERING INFORMATION 


PART NUMBER 

TEMP. RANGE 

PACKAGE 

ML4401CP 

0°C to +70°C 

MOLDED DIP (P28) 

ML4401YCQ 

0°C to +70°C 

MOLDED PCC (Q28) 
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Micro Linear ML4402 

Servo Driver 


GENERAL DESCRIPTION 

The ML4402 Servo Driver contains all of the control circuitry 
necessary to drive the head positioning actuator of a hard or 
rigid disk drive system. It receives the error signal generated 
from a servo controller circuit, such as the ML4403, ML4413, 
and drives an external transistor bridge which controls the 
head positioning voice coil actuator. The ML4402 output 
control circuitry includes current sense inputs to provide 
closed-loop control of actual actuator current. By using an 
external power transistor bridge, flexible thermal and space 
management is allowed as well as transistor selection which 
enables a wide application range. 

Included in the device is a unique disable function which 
permits interruption of actuator current. During a disable, the 
output control amplifiers are shut down which cuts off all 
current to the external transistor bridge. Disable can be acti¬ 
vated by a logic high into pin DIS or by the on-board low- 
voltage detector. Use of the low-voltage disable function 
prevents actuator response to a false error signal during a 
power failure. The low voltage detector can monitor up to 
two power supplies and has user definable low voltage trigger 
levels. 

The ML4402, when combined with the ML4401/4431 
Servo Demodulator, the ML4403, ML4413 Analog Servo 
Controller and the ML4404 Trajectory Generator, provides 
a flexible high-performance head positioning servo 
system. 


FEATURES 

■ Low differential input offset voltage 

■ Contains all control circuitry necessary to drive an 
external transistor bridge 

■ Differential amplifiers internally compensated 

■ Unique disable function interrupts actuator current 

■ Programmable dual supply low voltage detector 

■ Single -I-12 V power supply 

■ Compatible with Micro Linear's ML4401/4431 
Servo Demodulator, ML4403, ML4413 Servo 
Controller and ML4404 Trajectory Generator chips 


The ML4402-1 and ML4402-2 differ in offset voltage at the 
differential error signal inputs which is a result of the manu¬ 
facturing trim process. 


BLOCK DIAGRAM 



V|NX V|ny REFA PSI PS2 
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PIN CONNECTIONS 


ViNY [ 

1 


] GND 

V|NX[ 

2 

19 

] CMPt 

REFA [ 

3 

18 

] SGND 

Vcc [ 

4 

17 

]s- 

Valt[ 

5 

16 

]Ei 

PS1 [ 

6 

15 

]ct 

PS2 [ 

7 

14 

] E2 

PSF [ 

8 

13 

]C2 

DIS [ 

9 

12 

]S2 

RETR [ 

10 

11 

] CMP2 


TOP VIEW 

20-PIN DIP (Prototypes Only) 


20-PIN PLCC Package 

ViNX GND 
REFA I V|ny I CMP1 



TOP VIEW 


PIN DESCRIPTION 


PIN# 

NAME 

FUNCTION 

1 

V|NY 

Inverting input for error voltage 
signal. Used as a reference voltage 
(analog ground) input when using 
a single ended output from the 
ML4403 Servo Controller. Ob¬ 
tained from the Vrep output of the 
ML4401 Servo Demodulator. 

2 

V|NX 

Non-inverting input for error 
voltage signal. Used as the signal 
input pin when using a single 
ended output from the ML4403. 

3 

REFA 

Reference pin for low voltage 
comparator. 

4 

Vcc 

+12 V power supply pin. 

5 

Valt 

Optional +5 V power supply pin to 
keep the PSF pin operating if Vcc 
fails. With Valt at +5 V, the PSF pin 
will go low if Vcc §0^5 to zero, or 
too low to operate the comparator. 

6 

PS1 

Voltage input for low voltage 
comparator. 

7 

PS2 

Voltage input for low voltage 
comparator. 

8 

PSF 

Power supply failure indication, is 
an open collector output of com¬ 
parator. Logic low indicates PSI 
and/or PS2 voltage has gone be¬ 
low REFA. 

9 

DIS 

Amplifier Disable pin. TTL input 
that disables both amplifiers with a 
logic high. 

10 

RETR 

Return spring output, clamped 
open collector output, opposite 
logic polarity as pin PSF. Used to 
drive optional safety circuitry. 


PIN# NAME FUNCTION 

11 CMP2 Compensation node of AMP2 

used to add additional compensa¬ 
tion; the device is manufactured 
with approximately 27 pF of inter¬ 
nal compensation. 

Bandwidth Effects: 

27t(C+27pF) 

Slew Rate Effects: 

■sr=2^ , 

C-H27pF 

Where: 

gm = T50jLfmhos 
C = External Compensation 
Capacitor Ccmpi 
or CcMP2 


12 

S2 

Current sense input for AMP2. 

13 

C2 

Collector of output transistor of 
AMP2. 

14 

E2 

Emitter of output transistor of 
AMP2. 

15 

Cl 

Collector of output transistor of 
AMP1. 

16 

El 

Emitter of output transistor of 
AMP1. 

17 

SI 

Current sense input fqrAMPI. 

18 

SGND 

Reference ground for SI, S2 
feedback. 

19 

CMP1 

Compensation node of AMP1, 


used to add additional compensa¬ 
tion. The device is manufactured 
with approximately 27 pF of inter¬ 
nal compensation. Bandwidth and 
Slew Rate effects are the same as 
the CMP2 pin. 

20 GND Ground. 
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ABSOLUTE MAXIMUM RATINGS 

Absolute maximum ratings are those values beyond which the 
device could be permanently damaged. Absolute maximum ratings 
are stress ratings only and functional device operation is not implied. 


Power Supply Voltage (Vqc) •.. i....... .14 V 

Terminal Voltage Range 

(V|NX/ V,ny Valt. PSl, PS2, REFA, DIS) . -0.3 to Vcc+0.3V 

S1,S2 ........7V 

Terminal Input Current (CMPl, CMP2) ...0.1mA 

Storage Temperature Range .. .-65°Cto +150° C 

Junction Temperature (Tj) ...125° C 

Lead Temperature (Soldering, lOsec) , ..... 260° C 


OPERATING CONDITIONS 


Supply Voltage 

Vcc . .. 12V±107o 

Valt . 5V±107o 

Typical Component Values (Refer to Typical Application) 

Roa . 470Q 

Rob . .. 240Q 

Roc . 150Q 

Rod ...... • • 0.5Q 


ELECTRICAL CHARACTERISTICS 

The following specifications apply over the recommended operating conditions of Vcc = 10.8 V to 13.2 V, V|ny = 5 V, Ta = 0 to 
70° C, and external components as shown above unless otherwise specified (See Note 1). 






TYP 



SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

NOTE 2 

MAX 

UNITS 


Power Supply 


■cc 

Vcc Supply Current 

Outputs unloaded. Pin REFA open 


10 

20 

mA 

■dd 

Valt Supply Current 

Vcc = GND 


150 

500 

pA 


Amplifier Characteristics 


Avi 

Voltage Gain at Pin SI, 
Vsi/(Vinx-V|ny); 

Applies when Vinx^Viny 

V,Nx=5.1and6V 

V,ny = 5.0V 

0.342 

0.352 

1 

0.362 

j- 

v/v 

Av2 

Voltage Gain at Pin S2, 
Vs2/(Viny-V|nx); 

Applies when V||v|Y>V|tv|x 

V,Nx=4.9and4V 

V,ny = 5.0V 

0.342 

0.352 

0.362 

'• v/v 

^AV 

Gain Linearity Error 

(Avt - Av2/0.5(Avt+Av2) 

-2 

0 

2 

7o 

Vos 

V|NX/ V|NY I'^put Offset Voltage 
with Respect to Either Pin SI or 
PinS2 

Vqs defined where 

Ay.| or Ay 2 1^0.16 

Ta = 25°C 

-10 


+10 

mV 

Vos DIFF 

Differential 

Input Offset 

Vosi-Vos 2 ML4402-1 

Ta = 25°C ML4402-2 

-5 

-10 


+5 

+10 

mV 

Tcvos 

Offset Voltage Tempco 



15 


/iV/°C 

Vs 

Voltage Swing Range of Pin SI, 
S2 Above Ground 

Vsi;V,nx=6.7V 

Vs2;V,nx=3.3V 


0.5 

0.65 

V 

•VR 

Input Voltage Range into Vi^x 
and V|t\iY 


3.3 


10 

V 

■iBI 

Input Bias Current, Vimx and 
V|NY 


0 

10 

75 

mA 

l|B2 

Input Bias Current, Pin SI or S2 
(sourcing) 

Vsi,Vs2=GND 

-1.6 

-1.2 

-0.8 

mA 

PSRR 

Power Supply Rejection 



60 


dB 

CMRR 

Common Mode Rejection 

Ratio 



80 


dB 

GBP 

Gain Bandwidth Product 

GcMP1,2 = 0 


0.83 


MHz 

SR 

Slew Rate 

GcMP1,2 = 0 


0.74 


V/pS 


Output Transistor Characteristics 


•out 

Output Current; Ici/ Ifi/ Ic?/ If? 

V|NX-ViNY=+1V 

50 

100 


mA 



VcvVc2=3V;Vei,Ve2=0.7V 
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ELECTRICAL CHARACTERISTICS (Continued) 

The following specifications apply over the recommended operating conditions of Vcc = 10-8Vto 13.2 V, V||siy = 5V, TA = Oto 
70° C, and external components as shown unless otherwise specified (See Note 1). 






TYP 



SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

NOTE 2 

MAX 

UNITS 


Internal Voltage Reference (Vref) 


PSmin 

Minimum Allowable Vcc 

Voltage 

Where Vref>2.48V 

4.75 



V 

Vref 

Vref Voltage 

Tj = 25°C 

2.44 

2.55 

2.66 

V 

Treg 

Vref Thermal Stability 

Over Specified Range 


50 


ppm/°C 

Rref 

Rref Resistance 

(Internal Resistor from Vref to Pto REFA) 


2.55 


kQ 


Comparator 


Vos 

Input Offset Voltage, any Two 
Inputs 


-30 

5 

30 

mV 

l|N 

Input Bias Current 


-0.5 

-0.1 

0 

mA 

Vql 

PSF Logic 0 Voltage 

■oL = 1-6mA 

0 

0.2 

0.4 

V 

Vql 

RETR Logic 0 Voltage 

■siNK = 3mA 

0 

0.5 

1 ' 

V 

■oh 

PSF Logic 1 Leakage Current 

VpsF = 5V 

-10 

0.2 

10 

fuA 

■oh 

RETR Logic 1 Leakage Current 

Vretr = 2V 

-20 

0.05 

20 

pA 


Amplifier Disable Section 


V,H 

DIS Logic High Voltage 


2.0 



V 

■iH 

DIS Logic High Current 

V|h = 2.4V 

-20 


20 

mA 

V,L 

DIS Logic Low Voltage 




0.8 

V 

■iL 

DIS Logic Low Current 

V|l = 0.4V 

-20 


20 

mA 


Note 1: 0° C to 70° C operating temperature range devices are 100% tested with temperature limits guaranteed by 100% testing, sampling, or by 
correlation with worst-case test conditions. 

Note 2: Typicals are parametric norm at 25° C. 
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TYPICAL APPLICATION DIAGRAM 



+5V 


ORDERING INFORMATION 


PART NUMBER 

TEMP. RANGE 

PACKAGE 

COMMENTS 

ML4402-1CP 

0°C to +70°C 

MOLDED DIP {P20) 

Input Offset = ±5mV 

ML4402-1CQ 

0°C to +70°C 

MOLDED PCC (Q20) 

Input Offset = ±5nnV 

ML4402-2CP 

0°C to +70°G 

MOLDED DIP (P20) 

Input Offset = ±10mV 

ML4402-2CQ 

0°C to +70°C 

MOLDED PCC (Q20) 

Input Offset = ±10mV 


5-60 
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Micro Linear _ ML4403, ML4413 

Servo Controller 


GENERAL DESCRIPTION 

The ML4403/4413 Servo Controller provides analog circuitry 
used in high performance trajectory and position control 
system for disk drive transducer heads. As a part of a head 
positioning servo system, this bipolar monolithic chip is de¬ 
signed to accept quadrature position signals and generate a 
servo error signal. While designed for minimum track access 
time, the ML4403/4413 supports a wide range of system 
designs. 

Trajectory control functions include a track crossing detector, 
a velocity signal generator, and a velocity event detector. 
System stability and short settling time is insured by the inter¬ 
polator function, which generates a ramp signal used to 
smooth the external position DAC output. 

Position control is provided by a signal error amplifier 
within the device. When used with the ML4401/4431 
Servo Position Demodulator, the track selection is 
performed by ML4401/4431 peak detector timing. This 
selection method eliminates track to track voltage offset 
problems and allows minimum track spacing. The ML4413 


FEATURES 

■ Interpolate function smooths trajectory curve 

■ Flexible architecture allows user defined loop response 

■ Provides minimum track access time and maximum 
track density 

■ Single -I-12V power supply 

■ Compatible with ML4401 Servo Demodulator, 
ML4402, ML4406/07/08 Servo Driver and ML4404 
Trajectory Generator 

has a discharge function that enables zeroing of the 
external error amplifier compensation. This feature 
further reduces position settling time. An on-board 
on-track detector is provided which is used as a safety 
alarm by the controller for an off-track condition. 

The ML4403/4413 Servo Controller, when combined with 
the ML4401 Servo Demodulator, the ML4402, 
ML4406/07/08 Servo Driver and the ML4404 Trajectory 
Generator provides a flexible closed-loop servo control 
system. 


BLOCK DIAGRAM 


Vcc GND VR 



* PINS WITH THE * IN FRONT ARE USED ON THE ML4413 ONLY. 
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ML4403, ML4413 
PI^J CONNECTIONS 


ML4403 20-PIN DIP (Prototypes only) 


DECO [ 

1 


] Din 

MODE [ 

2 

19 

] VELE 

FILL [ 

3 

18 

] VELC 

POSA [ 

4 

17 

] POSI 

POSB [ 

■s' 

10 

] CMPO 

GND [ 

6 

15 

] EVp 

Vcc [ 

7 

If 

] VR 

TRKX [ 

8 

13 

] VELO 

TCO [ 

9 

12 

] DIFB 

TC,[ 

10 

11 

] DIFA 


TOP VIEW 


ML4403 20-PIN PLCC 

MODE Din 
FILL I PECO I VELE 


GND U 


X 

4 

3 

2 1 

20 

19 

18 

] VELC 

5 




17 

] POSI 

6 




16 

] CMPO 

7 




15 

] EVO 

8 

9 

10 11 

12 

14 

13 

] VR 


TCO I DIFA I VELO 
TCI DIFB 


ML4413 24-PIN SKINNY DIP (Prototypes only) 


DECO [ 

1 


1 

MODE [ 

2 

23 

] VELE 

FILL [ 

3 

22 

] VELC 

POSA [ 

4 

21 

] POSI 

POSB [ 

5 

20 

] CDIS 

CMP2 [ 

6 

19 

] CMPO 

GND [ 

7 

18 

] DIS 

CMP1 [ 

8 

17 

] EVO 

Vcc [ 

9 

16 

] VR 

TRKX [ 

10 

15 

] VELO 

TCO [ 

11 

14 

] DIFB 

ToC 

12 

13 

] DIFA 


TOP View 


ML4413 28-PIN PLCC 

FILL DECO VELE 
NC I MODE I Din I VELC 

n n n rnj=iizi,.a-.,. 


POSA [ 5 
POSB [ 6 
CMP2 [ 7 
GND [ 8 
CMP1 [ 9 
Vcc [] 10 
NC [ 11 


1 28 27 26 


25 ] NC 
24 ] POSI 
23 ] CDIS 
22 ] CMPO 
21 ] DIS 
20 ] EVO 
19 ] VR 


12 13 14 15 16 17 18 


TRKX 1 TCI I DIFB 1 NC 
TCO DIFA VELO 


NC = NO CONNECTION 


Micro Linear 






ML4403, ML4413 


PIN DESCRIPTION 



ML4403 





DIP and 

ML4413 



PLCC 

DIP 

PLCC 

NAME 

FUNCTION 

1 

1 

1 

DECO 

Digital output from the velocity event detector. In application, this output goes 
to a logic high when the actual actuator velocity reaches the trajectory curve. It 
remains high through the "braking" or negative acceleration. This pin goes low 
when velocity is zero and remains low during actuator acceleration. This pin is 
only allowed to go high during access mode. This output is open collector and 
requires an external pull-up resistor. 

2 

2 

2 

MODE 

Digital input used to select Hold mode (low level) or Access mode (high level). 

3 

3 

3 

FILL 

Analog output that provides a sawtooth waveform that, when summed with 
stair-step output of the external DAC, provides a smooth trajectory curve. Refer 
to Figure 3. 

4 

4 

5 

POSA 

Analog input for quadrature position signals from demodulator (ML4401/ 

5 

5 

6 

POSB 

4431). Low pass prefiltering is recommended to eliminate peak detector 
ripple and external noise. 

6 

7 

8 

GND 

Device ground connection. 


8 

9 

CMP1 

Digital outputs that can be used for various control and count schemes. These 


6 

7 

CMP2 

pins are only available on the ML4413. Timing is shown in Figure 3. These out¬ 
puts are open collector outputs with an internal pull-up resistor tied to -i-5V. 

7 

9 

10 

Vcc 

-f-12V power supply connection. 

8 

10 

12 

TRKX 

Digital output that provides a logic transition at each track crossing which is 
defined as the point midway between two tracks. Refer to Figure 3. This output is 
open collector with an internal pull-up resistor tied to +5 V. 

9 

11 

13 

TCO 

Digital output from the on-track detector. Used in Hold mode, this pin goes to 
logic high when the position signal exceeds an established window. This output 
is open collector with an Internal pull-up resistor tied to -t-5V. 

10 

12 

14 

TCI 

Analog input Into the on-track detector. The input is normally derived from the 
position signal. 

11 

13 

15 

DIFA 

Analog inputs for differentiated quadrature position signals. These inputs are 

12 

14 

16 

DIFB 

used to generate the velocity signal at output VELO. 

13 

15 

17 

VELO 

Analog output that provides a continuous velocity (tachometer) signal by time 
multiplexing/inverting the DIFA, DIFB input signals. 

14 

16 

19 

VR 

Reference voltage input. This value should typically be +5V, which is 
obtainable from the Vref output of ML4401/4431. 

15 

17 

20 

Evo 

Multiplexed analog output of both velocity error and position error signals. This 
output is used as the input for the servo actuator driving circuity such as the 
ML4402. 


18 

21 

DIS 

Digital input that, upon a logic high, electrically shorts pins GDIS and CMPO in 
order to keep the compensator capacitor discharged after entering hold mode. 
This pin and function is only available on ML4413. This function is used to re¬ 
duce settling time when entering the Hold mode. Unlike pins MODE and DIN 
which float to logic high, this pin floats to logic low when left unconnected. 

16 

19 

22 

CMPO 

Analog connection point for position compensation circuitry that is connected 
between this pin and POSI. 


20 

23 

Cdis 

Used to discharge external position compensation as shown in Figure 5. This pin 
is only available on ML4413. On the ML4403 this pin is internally connected to 
pin POSI. 

17 

21 

24 

POSI 

Analog input for position control amplifier. 

18 

22 

26 

VELC 

Analog input into velocity comparator. The velocity comparator trigger level is 

VR and is used for velocity event detection as described below. 

19 

23 

27 

VELE 

Analog input for velocity error signal generated off-chip, referenced to VR. 

20 

24 

28 

D|n 

Digital input that controls actuator direction during Seek mode. This input af¬ 
fects the waveforms of outputs Fill, V^lo/ and Evo* Figure 3. 
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ABSOLUTE MAXIMUM RATINGS OPERATING CONDITIONS 

Absolute maximum ratings are those values beyond which the 
device could be permanently damaged. Absolute maximum ratings 

are stress ratings only and functional device operation is not implied. Temperature Range ..... 0°C to 70°C 

(All voltages referenced to GND.) Supply Voltage (Vcc) ...12V±107o 

Power Supply Voltage, Vcc 14V 

Terminal Voltage Range 

VR . -0.3to7.0V 

POSI ... -O.StoVR+0.3V 

DIN, POSA, POSB, DIFA, DIFB, VELE, VELQ MODE, DIS, 

TCI .... -0.3 to Vcc+0.3 V 

Storage Temperature Range ..... .-65'^Gto+150°C 

Junction Temperature . +125°C 

Lead Temperature (Soldering, 10sec) ... 260°C 


ELECTRICAL CHARACTERISTICS 

The following specifications apply over the recommended operating conditions of Vcc = 10-8 to 13.2 V, and Vr = 5.0V, unless 
otherwise specified. (See Note 1.) 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

TYP 
NOTE 2 

MAX 

UNITS 

Power Supply 

icc 

Vcc Supply Current 

Outputs unloaded 


38 

60 

1 mA 


DIGITAL INPUT/OUTPUT CHARACTERISTICS 


Inputs P|M and Mode 


V,H 

Logic High Voltage 


2.0 



V 

l|H 

Logic High Current 

V,h = 2.4V 

-40 

1 

40 

pA 

VlL 

Logic Low Voltage 




0.8 

V 

l|L 

Logic Low Current 

V|l=0.4V 

-100 

-50 

0 

pA 


Input PIS (ML4413 Only) 


V,H 

Logic High Voltage 


2.0 



V 

«IH 

Logic High Current 

V,h = 2.4V 

0 

180 

250 

pA 

V,L 

Logic Low Voltage 




0.65 

V 


Outputs TCP and TRKX 


VoL 

Output Low Voltage 

loL = 1-6mA 

0 


0.4 

V 

Vqh 

Output High Voltage 

loH-50pA 

2.4 



V 

tpD 

Propagation Delay 

Cl = 15pF 


200 


ns 

Vth 

Track Comparator Window 

+ and - relative to VR 

235 

257 

270 

mV 


Outputs CMP1 and CMP2 (M14413 Only) 


VoL 

Output Low Voltage 

loL=0.4mA 

0 


0.4 

V 

VoH 

Output High Voltage 

loH=-50pA 

2.4 



V 

Output DECO 

VoL 

1 Output Low Voltage 

1 loL~ l*8mA 

0 


0.5 

1 V 
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ELECTRICAL CHARACTERISTICS (Continued) 

The following specifications apply over the recommended operating conditions of Vcc = 10-8 to 13.2 V, and Vr = 5.0V, unless 
otherwise specified. (See Note 1.) 






TYP 

1 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

NOTE 2 

MAX 

UNITS 


ANALOG INPUT/OUTPUT CHARACTERISTICS 


Outputs Fill, VELO, COMPO, and EVO 


Vqsi 

Input Offset Voltage EVO, FILL 



2 


mV 

VoS 2 

Input Offset Voltage COMPO 


-5 


5 

mV 

VoS3 

VELO 

Input Offset Voltage Tracking 
Between 4 Multiplex States 

Variation in output level in 

4 multiplex states with 

DIFA = DIFB = 5V 

-10 


10 

mV 

SRi 

Slew Rate FILL 



4 


V/ps 

SR2 

Slew Rate COMPO, VELO, 

EVO 



1 


V//iS 

Vqut 

Output Range All 


1.0 


9.0 

V 

■sRCl 

Source Current COMP, VELO, 
FILL 


3 



mA 

ISRC2 

Source Current EVO 


1.5 



mA 

•SNKI 

Sink Current FILL 


0.25 



mA 

ISNK2 

Sink Current EVO, VELE 


2 



mA 

•SNK3 

Sink Current COMPO 


4 



mA 


Operational Anriplifiers 


Vos 

Input Offset Voltage 



2 


mV 

tc 

Average Temperature Coeff of 
Input Offset Voltage 



20 

■ 

pV/°C 

bs 

Input Offset Current 



10 


nA 

■b 

Input Bias Current 



100 


nA 

AVol 

Open Loop Gain 



200 


V/mV 

GBW 

Gain Bandwidth Product 



1 

___ 1 

MHz 


POSA, POSB Comparators 


Vos 

Input Offset Voltage 



2 


mV 

Vhys 

Hysteresis 



±500 


mV 

b 

Average Temp Coeff of Input 
Offset Voltage 



20 


pV/°C 

bs 

Input Offset Current 



50 


nA 

Ib 

Input Bias Current 



500 


nA 

Ay 

Voltage Gain 



200 


V/mV 

Pd 

Response Time 



500 


ns 


Note 1: 0°C to +70°C operating temperature range devices are 1007o tested with temperature limits guaranteed by 100% testing, sampling, or 
by correlation with worst-case test conditions. 

Note 2: Typicals are parametric norm at 25°C; 
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FUNCTIONAL DESCRIPTION 

Power Supply and Reference Requirements 

The ML4403/4413 operates from a single 12V ±10% 
power supply, a 5.0V reference is required at pin VR 
which is available from pin Vref on tho ML4401/4431. 

VR serves as a system reference or "analog ground". 

Modes of Operation 

The device has two modes of operation, Access and Hold 
mode, which are controlled by pin MODE. To accomplish 
this, pin MODE controls the output multiplexer that selects 
either the velocity or position error signal. 

Access Mode 

The head actuator servo system uses Access mode to move 
the recording head(s) from one data track to another. Access 
mode circuitry within the ML4403/4413 includes analog 
functions necessary to measure and control head actuator 
velocity. The head velocity is controlled in a fashion that 
provides for a fast track-to-track movement and minimum 
settling time, which results in minimum track access time. 

Actuator Trajectory 

Similar to racing to the next stop sign, the fastest way to move 
from one data track to the next is through maximum acceler¬ 
ation and maximum braking (negative acceleration). In a disk 
drive the acceleration, either positive or negative, is governed 
by rhaximum available actuator current. To do this in a con¬ 
trollable manner and land on the target track, an achievable 
"braking curve" or trajectory function is first defined. At the 
beginningof Access mode, maximum acceleration is applied 
until the head velocity reaches this defined braking curve. 
Following the velocity profile of the trajectory curve, con¬ 
trolled braking stops the head on the target track. 

Unlike acceleration, velocity and distance are accurately 
measurable and therefore controllable parameters. The tra¬ 
jectory function, as shown in Figure 2, is therefore expressed 
as velocity (track crossing rate) vs. distance (tracks to go). The 
desirable constant positive and negative acceleration will 
result in the expression of velocity as a function of the square 
root of distance. Therefore generation of the trajectory curve, 
velocity vs. distance, requires a non-linear function. 

Actuator Trajectory Generation 

At the start of a track access cycle, initial tracks-to-go count is 
supplied by the microprocessor. As the head moves, the 
count is decremented by the ML4403/4413 track crossing 
detector. To generate the analog "desired velocity" signal 
required for braking control, th^ tracks-to-go count (distance 
variable) is converted through a DAC (Digital to Analog Con¬ 
verter) with a non-linear square function included either 
before or after the conversion. One common approach used 
to obtain this non-linear function is to pre-process the tracks- 
to-go count (or multiple thereof) in the microprocessor. This 
can be performed algorithmically by the use of a look up 
table. 


An alternate method, as shown in the typical application of 
Figure 5 places the non-linear function after the DAG conver¬ 
sion. The tracks-to-go count is maintained by a simple dis¬ 
crete down-counter that is initialized by the microprocessor. 
To eliminate the DAC steps and provide a smooth distance 
signal, the DAC output is summed with the ML4403/4413's 
FILL output in the external summing amplifier shown. The 
FILL output generates a sa\vtooth wave, as shown in Figure 3. 
This distance signal is then passed through the non-linear 
trajectory generator which generates the "desired velocity" 
signal used during braking. Generating a smooth trajectory 
curve reduces electrical/mechanical system oscillation and 
target track settling time. 

Inductance-caused actuator lag can also create a target track 
overshoot problem. The trajectory curve generator, as indi¬ 
cated, can be designed to allow the microprocessor to mod¬ 
ify the non-linear function in a way to account for this lag. 
Refer to Figure 2. The amount of lag will depend on duration 
of braking. Braking duration can be correlated against accel¬ 
eration duration which is indicated by the timing of pin 
DECO. 

The track crossing detector, which drives the trajectory posi¬ 
tion counter (see Figure 5), is generated with external logic. 
The input comparators have a fixed amount of internal hys¬ 
teresis to provide noise immunity and media dropouts. The 
CMP1 and CMP2 outputs on the ML4413 can be used to 
perform more sophisticated sequential track crossing detec¬ 
tion schemes. This can further reduce the detector's suscep- 
tability to media dropouts. 

Hold Mode 

At the end of an Access cycle, the head is stopped, or nearly 
so, on the target track. Hold mode is then selected to main¬ 
tain accurate head positioning on that track. In this mode, the 
compensator output (CMPO) is multiplexed into the error 
amplifier output (EVO). 

Track Selection 

Track position is held by maintaining a zero value of the posi¬ 
tion input signal, with respect to VR. However, to allow selec¬ 
tion of one of four track types and maintain error signal 
polarity, selection of POSA, POSB, or their inverse needs to 
be possible. Commonly this selection process is accom¬ 
plished with an analog multiplexer-inverter matrix. The prob¬ 
lem inherent with this approach is the track-to-track offset 
differences, caused by the amplifier input offset differences 
within the matrix. 

The track selection scheme adopted by the ML4401/4431 
and ML4403/4413 combination performs the multiplexing 
within the ML4401/4431. The selection/inversion 
operation is performed with the external support logic of 
the ML4401/4431 by changing the peak detector sample 
timing. This method eliminates the offset problems and 
allows a higher track density. 
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Position Amplifier and Compensator Zeroing 

During track following mode (mode low), the compensator 
amplifier acts as an integrator which nulls out the position 
error. The timing of the transition between access mode and 
track follow is critical to minimize settling time. The velocity 
at which this transition occurs can be externally set by resistor 
RCMP (see Figure 5). During seek mode, the large compensa¬ 
tor capacitor (CCMP) is discharged through an internal 
switch, so that the integrating loop sees no initial charge at 
the beginning of track follow mode. This can reduce settling 
time by several milliseconds. 

The ML4413 provides a further enhancement of this feature. 
The switch can remain closed after the beginning of the seek- 
to-track follow transition by holding pin DIS high. In this way, 
the time at which the logic switches modes, and the time that 
integration begins can be controlled independently, and 
further settling time reduction can be acheived. 

On-Track Detector 

The on board on-track detector is a window comparator that 
provides a digital alarm of an off-track condition. This feature 
is useful as a safety to prevent data transfer during an off-track 
condition that may occur during track settling or mechanical 
jarring. 

Velocity Control 

As a necessary element of velocity control, a velocity 
signal is generated and is output at pin VELO. To 


accomplish this, the quadrature position signals are first 
differentiated through external RC networks and then 
input into pins DIFA and DIFB. The ML4403/4413 then 
time multiplexes these differentiated signals to obtain a 
continous velocity signal that is output at pin VELO. It is 
important to note that the trajectory generator shown 
in Figure 5 generates a "desired velocity" signal positive 
with respect to VR; and that VELO creates a negative 
signal with respect VR. This allows the use of a simple 
external resistor bridge to create the velocity error 
signal. 

The summing function can be modified, as illustrated, by the 
action of pin DECO when the actual velocity reaches the 
trajectory curve. Modification can also be made just prior to 
that time with the "optional trajectory overshoot compensa¬ 
tion" circuit, shown in Figure 5, that prevents overshoot due 
to actuator motor inductance. 

Inductance-caused actuator lag can also create a track over¬ 
shoot problem. The trajectory curve generator, as indicated, 
can be designed to allow the microprocessor to modify the 
non-linear function in a way to account for this lag as shown 
in Figure 2. The amount of lag will depend on duration of 
braking. Braking duration can be correlated against accelera¬ 
tion duration which is indicated by the timing of pin DECO. 




CMPIOUTPUT 



CMP2 OUTPUT 



TRKX OUTPUT 



Din input 


FILL OUTPUT 



Figure 2. 


Figure 3. 


j^Micro Linear 






ML4403,ML4413 



Micro Linear 



























ML4403, ML4413 



Figure 5. Connecting the ML4403 to the ML4404 Trajectory Generator and the ML4402 Servo Driver 
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ORDERING INFORMATION 


PART NUMBER 

TEMP. RANGE 

PACKAGE 

ML4403CP 

0°Cto+70°C 

MOLDED DIP (P20) 

ML4403CQ 

O'C to +70°C 

MOLDED PCC (Q20) 

ML4413CP 

0°C to +70‘‘C 

MOLDED DIP (P24) 

ML4413CQ 

o-cto+zooc 

MOLDED PCC (Q28) 


5-70 
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Trajectory Generator 


GENERAL DESCRIPTION 

The ML4404 Trajectory Generator provides the 
trajectory function for time optimal head positioning 
systems. The ML4404 receives position and velocity 
information from a servo controller, such as the 
ML4403, and generates the desired time optimal 
velocity trajectory. Desired Velocity is then compared 
with the actual velocity to create the error signal used 
by the servo controller. 

An anticipate function is included to compensate for 
phase shift error caused by actuator inductance. 
Another feature on the ML4404 is an error measure 
output which averages the velocity error during 
deceleration, so that the control system can monitor 
and adjust the necessary transducer gain for minimum 
access time. 

The servo system usually requires accurate analog 
voltages to be set through software control. This is 
easily accomplished with a duty cycle to current 
translator function on the ML4404. By controlling the 
duty cycle of a TTL line, a processor can set an analog 
voltage on the translator output. These translators are 
fully independent blocks which can be used anywhere 
in the control system. 


FEATURES 

■ Flexible architecture allows a user defined 
trajectory function 

■ Anticipate function compensates for phase delay 
caused by actuator inductance 

■ Feed forward function improves system stability 

■ Uncommitted PWM to current translators allow an 
analog voltage to be set with microprocessor 
control 

■ Single +12V power supply 

■ Compatible with Micro Linear's ML4401, ML4431 
Demodulator, ML4402, ML4406/07/08 Driver, and 
ML4403, ML4413 Controller 


BLOCK DIAGRAM 
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PIN CONNECTIONS 


ML4404 28-Pm PLCC 


•set MSB Vref 
TRAJin| LSB |EAMP|n| EMEASout 
nr-irn rh r-i n m 


RYvos[ 
PWMoUTB ^ 
PWMouTA [] 
PWMina [ 
PWMinb [ 
NC [ 


4 3 


1 28 27 26 


12 13 14 15 16 17 18 

■' L-JL^LJI^ '' LJLJLJ 
DIR [RsenseaI RY I RXa 
VIOUT Rsenseb RXb 


] EAMPoUT 
] GND 
] Vcc 

] ANTICIPATE 
] EIATCHouT 
] DECEL 
] TRAJout 


PIN DESCRIPTION 

PIN# 

ML4404 NAME FUNCTION 

1 MSB Pulse width modulated (PWM) DAC TTL input (active low). The DAC output 

current is the position input to the trajectory generator. The MSB/LSB ratio is 8/ 
1. The duty cycle of these two TTL inputs are controlled by a processor to form 
an 8-bit PWM DAC. The 3 higher order bits are modulated into the MSB. 

2 LSB Pulse width modulated (PWM) DAC TTL input (active low). The 5 lower order 

bits are modulated into the LSB input. 

3 IsET A resistor (RsET)l^rom this pin to Vref sets the internal bias levels. Ibias== 3 V/Rset- 

The nominal value Should be between 0.25 and 0.5 mA. 

4 TRAJii^ The trajectory generator input. This node is connected through an external filter 

to the sum of the PWM DAC output and the multiplier output. 

5 IsuM The trajectory DAC output which is summed with the multiplier output feed¬ 

back. An external RC filter network from this pin to TRAJim smooths out PWM 
DAC ripple. 

6 RYvos Nulls out the offset of the trajectory curve at the origin. A resistor equal to RY is 

connected from this pin to Vref- This pin is available only on the ML4404. 

7 PWMqutb PWM to current translator output. 

8 PWMquta PWM to current translator output. 


—9_ 

-PWMina- 

-TTL input for the PWM to current translator. This converter translate&a signaLs— 

duty cycle to an analog voltage. 

10 

PWMinb 

TTL input for the PWM to current translator. This converter translates a signal's 
duty cycle to an analog voltage. 

11 

NC 

No Connection. 

12 

DIR 

TTL direction input from the processor. Controls the polarity of the V/ i converter 
output. 
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PIN DESCRIPTION (Continued) 

PIN# 

ML4404 NAME 

FUNCTION 

13 

VIoUT 

The V/l converter output. This circuit block monitors the differential voltage 
across the sense resistors of an actuator driver (such as the ML4402) and con¬ 
verts it to a bidirectional current whose scale factor is set by two external resis¬ 
tors. This current can be used to compensate for a noise reducing low pass filter 
In the output of the velocity transducer so that there is no net phase shift in the 
velocity signal. 

14 

Rsensea 

A gain setting resistor is connected from this input to the sense resistor on the 
bridge driver. 

15 

Rsenseb 

A gain setting resistor is connected from this input to the sense resistor on the 
bridge driver. 

16 

RY 

A resistor (RY) is connected from this pin to Vref- RY and RX set the second or¬ 
der term of the trajectory curve. 

17 

RXb 

A resistor (RX) is connected between RX^ AND RXb to set the second order term 
in the trajectory curve. 

18 

RXa 

A resistor (RX) is connected between RX^ and RXb to set the second order term 
in the trajectory curve. An additional resistor (RK3) can be connected from RX^ 
to either the trajectory output (TRAJout) or to Vref to set the third order term. 

19 

TRAJout 

The trajectory output. This voltage relative to Vref 'S proportional to the desired 
velocity. A resistor and capacitor from this pin to TRAJin sets the first order terrn 
and the loop compensation. 

20 

DECEL 

Decelerate mode TTL input from the servo controller (such as the ML4403). 
When low (during accelerate) the anticipate output becomes a voltage follower, 
the error measure output is a high impedance, and the error sign is latched. 
When high (during deceleration) anticipate goes to high impedance, error mea¬ 
sure integrates the velocity error, and the error sign latch is transparent. 

21 

ELATCHout 

The latched sign of the access loop error during deceleration. This TTL output 
can be used by the processor to adjust the velocity transducer gain to match that 
required by the mechanical system. 

22 

ANTICIPATE 

Modifies the trajectory curve during acceleration and the accelerate to deceler¬ 
ate transition. This accounts for thetime delay error caused by the actuator in¬ 
ductance. 

23 

Vcc 

-1-12 V power supply. 

24 

GND 

Ground. 

25 

EAMPqut 

Error amplifier output. The positive trajectory output (desired velocity) is 
summed with the negative velocity input (actual velocity) to form a difference 
output. The velocity input comes from the servo controller (such as the 

ML4403). 

26 

EMEASout 

Error measure output. This output averages the value of the access loop error 
during deceleration. 

27 

Vref 

The analog zero reference point. This pin is intended to be driven with the 
ML4401 Vref output. The ML4404 has an internal 5 V reference connected 
through a current limiting resistor to this pin so that standalone operation/ 
evaluation is available. 

28 

EAMPin 

Error arnplifier input. The INPUT summing node for the trajectory and velocity 
signals. 
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ABSOLUTE MAXIMUM RATINGS 

Absolute maximum ratings are those values beyond which the 
device could be permanently damaged. Absolute maximum ratings 
are stress ratings only and functional device operation is not implied. 
(All voltages referenced to GND.) 

Power Supply Voltage, Vcc ..... 14V 

Vref Rsensea/ Rsenseb • -- -- -0.3 to +7V 

TTL Inputs, IbiaS/ ELATCHout . • .. “0.3 to +7V 

PWMoutA' PWMoutc • • • • • • • • ~0*3 to Vqq +0.3V 

Anticipate, Viqut/ EAMPqut . -0.3 to Vqc +0.3 V 

EAMPjn, TRAJin .. - 0.3 to Vcc +0-3 V 

•sum .....Vref-I toVREF+1V 

TRAJout. RXa, RXb, RY, RYvos .Vref -1 to Vcc +0.3 V 

Storage Temperature Range ...- 65°C to +150°C 

Junction Temperature (Tj) .... +125®C 

Lead Temperature (Soldering, lOsec) ... 260°C 


OPERATING CONDITIONS 

(See Figure 7) 


Temperature Range ..... 0°C to 70°C 

Supply Voltage (Vcc) ... ... • 12 V ±10% 

Rset ... 6.2 K 

RK1 . 110K 

RY . 3K 

RYvos .. 3K 

RX ... 6.8K 

RK3 .. 12KtoVREF 

CCOMP ......:.56 pF 

CF1 .. 0.0022iiF 

CF2 .. Open 

RF. 10K 

•^LOAD ... • .. 20K to Vref 


ELECTRICAL CHARACTERISTICS 

The following specifications apply over the recommended operating conditions of Vcc = 10.8 to 13.2 V, Vref = 5V, TA=0to 70°C, 
Rfilt = 1GK, RY-RYvos*3K, RK1 = 100K, RX-=6.8K, RsET=6.2Kand RK3 = 12Kto Vref unless otherwise specified. (See Note 1.) 


SYMBOL 

PARAMETER 

-1 

CONDITIONS 

MIN 

TYP 
NOTE 2 

MAX 

UNITS 

DC CHARACTERISTICS 

'cc 

1 Power Supply Current 

1 1 23 

1 35 

1 mA 


DIGITAL INPUT/OUTPUT CHARACTERISTICS 


(Inputs PWMina^ B, C, MSB, LSB, DIR) 


V,H 

Logic High Voltage 


2.0 



V 

l|H 

Logic High Current 

V,h-2.4V 

-40 

10 

40 

mA 

V,L 

Logic Low Voltage 




0.8 

V 

l|L 

Logic Low Current 

V|l-0.4V 

-40 

1 

40 

> 


Inputs (DECEL) 


V,H 

Logic High Voltage 


2.0 



V 

l|H 

Logic High Current 

V,h«2.4V 

-250 

5 

40 

pA 

V,L 

Logic Low Voltage 




0.8 

V 

l|L 

Logic Low Current 

V|l«0.4V 

-1600 

-850 

0 

pA 


Outputs (ELATCHqut) 


VoL 

Output Low Voltage 

Iql^I'^^A 

0 

0.3 

0.4 

V 

Vqh 

Output High Voltage 

R|_ 5 K to Vref 

2.4 

5.0 

5.5 

V 


Trajectory Amplifier (See Note 3) 


>B 

Input Bias Current 


0 

7 

20 

nA 

Ay 

Open Loop Gain 



75 k 


V/V 

BW 

Unity Gain Bandwidth 



1 


MHz 

PHIM 

Phase Margin 



75 


DEG 


Velocity Error Amplifier 


Vos 

Input Offset Voltage 


-10 


10 

mV 

•b 

Input Bias Current 


0 

50 

300 

nA 

Ay 

Open Loop Gain 



120 k 


V/V 

■source 

Source Current 


4 

8 


mA 

■sink 

Sink Current 


1 

2 


mA 

BW 

Unity Gain Bandwidth 



1 


MHz 

PHIM 

Phase Margin 



75 


DEG 

VoUT 

Output Voltage Range 


0.5 


Vcc-3 

V 


5-74 


l^ll^Micro Linear 
































ML4404 


ELECTRICAL CHARACTERISTICS (Continued) 

The following specifications apply over the recommended operating conditions of Vcc = 10-8 to 13.2y Vref ~ 5V, 
Ta = 0 to 70°Q Rfilt = 10K, RY = RYvos = 3K, RK1 = 100K, RX = 6.8K, Rset = 6.2K and RK3 = 12K to Vref 
unless otherwise specified. (See Note 1) 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

TYP 

NOTE 2 

MAX 

UNITS 

Biasing 

Vis I 

Iset Voltage 


2.00 

2.02 

2.06 

V 

PWM to Current Translators 


Icharce/Iset/ bis/lsET 

PWMout = 5.0V 


0.98 


mA/mA 


Icharce^Idis 

PWMqut = 5.0V 

0.910 

0.99 

1.10 

mA/mA 

Vqut 

Output Voltage Range 


1.5 


9 

V 

Transconductance Amps 

Vos 

Input Offset Voltage 


-10 


10 

mV 

gm 

Transconductance 



1700 


)C/Mhos 

Iqutmax 

Max Output Current 



90 


M 

■b 

Input Bias Current 



4.5 



Latch / Comparator 

■b 

Input Bias Current 


0 

2 

10 

fjA 

Vos 

Input Offset Voltage 

Vtrajout 5V 

-10 


10 

mV 

Ay 

Open Loop Gain 



15k 


V/V 

tpd 

Propagation Delay 

Cl = 10pF, Rl = 2K to Vref 


60 


ns 


V/l Amp 


-1 

•OS/ISENSE 

*100 

Sense Current Offset 

IsENSEA - IsENSEB 

0.1mA <C Isense 1mA 

ViouT = 5V 

-2 

0 

2 

% 

VsMAX 

Max Rsense Voltage 


0.5 

0.64 


V 

Vqut 

Output Range 


1.8 


9 

V 


Trajectory PAC 


Imsb/Iset 

MSB Current 



0.98 


mA/mA 

•msb/Ilsb 

MSB to LSB Ratio 


7.8 

8.00 

8.5 

mA/mA 


Trajectory Multiplier (Note 4) 


Vos 

Vqut - Vref Origin 

Vqut at Isum = 0 

-5 


5 

mV 


VtRACKI : Vjrack32 

(Vqut at Ilsb/32)/(Vout at Ilsb) 

0.090 


0.140 

mV/mV 


VtRACK2 : VjracK32 

(Vqut at Ilsb/16)/(Vout at Ilsb) 

0.165 


0.205 

mV/mV 


VtRACK4 • Vjrack32 

(Vqut at Ilsb/8)/(Vout at Ilsb) 

0.270 


0.320 

mV/mV 


VtRACKB • VtraCK32 

(Vqut at Ilsb/4)/(Vout at Ilsb) 

0.430 


0.470 

mV/mV 


VjRACKie : VjracK32 

(Vqut at Ilsb/2)/(Vout at Ilsb) 

0.660 


0.695 

mV/mV 

Vlsb 

VtRACK32 

Vqut at Isum = Ilsb 

0.935 


1.035 

V 

VcROSS 

Crossover Error 

(Vqut at Isum = Ilsb) - 
(Vqut at Isum = Imsb/8) 

-25 


+10 

mV 


VtRACK32 : VjracK256 

(Vqut at Imsb/8)/(Vout at Imsb) 

0.305 


0.325 

mV/mV 


VtRACK64 : Vjrack256 

(Vqut at Imsb/4)/(Vout at Imsb) 

0.450 


0.470 

mV/mV 


VtRACK128 • VjracK256 

(Vqut at Imsb/2)/(Vout at Imsb) 

0.670 


0.685 

mV/mV 


VtRACK192 • VtraCK256 

(Vqut at Imsb*3/4)/(Vout at Imsb) 

0.840 


0.860 

mV/mV 

Vmsb 

VtRACK256 

Vqut at Isum = Imsb 
(F ull Scale + 1) 

3.070 


3.225 

V 

PSRR 

Supply Rejection 

at Origin 
at Full Scale 


0.2 

2 


mV/V 

mV/V 


Note 1: 0°C to +70°C operating temperature range devices are 100% tested with temperature limits guaranteed by 100% testing, sampling, or 
by correlation with worst-case test conditions. 

Note 2: Typicals are parametric norm at 25°C. 

Note 3: Minimum recommended load resistor is lOkO from the trajectory output to 
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FUNCTIONAL DESCRIPTION 

Power Supply and Reference Requirements 

The ML4404 operates from a single 12V power supply. 
In addition, a 5.0V reference is required at pin Vrep 
which is available from the ML4401, ML4431. Vref 
serves as a system reference or "analog ground". 

Biasing 

All of the critical internal biasing on the ML4404 is set 
as a function of an external resistor, Rset- An Internal 
feed-back loop forces the voltage on Iset (P>n 3) to be 
2.0V. Rset's connected from this pin to Vref (5.0V) and 
the resulting current is used in the multiplier and duty 
cycle-to-current translators. 

I BIAS = (Vref - 2) / Rset = 3 V/Rset 
The nominal value of Ibias should be between 0.25 and 
0.50 mA. 

Trajectory Multiplier/Amplifier 

The Trajectory Multiplier/Amplifier generates the optimal 
velocity output from the position-to-go input. The optimal 
velocity is the TRAJqut voltage relative to Vref The input 
position is set by the duty cycle of the MSB and LSB-inputs. 

During an access operation, the actuator is first driven to . 
maximum acceleration, and then into braking or decelera¬ 
tion. To minimize access times the trajectory curve (velocity 
vs position) during deceleration must be accurately con¬ 
trolled so that the head stops exactly on the desired track 
(without overshooting or undershooting). The head is driven 
to maximum acceleration until this braking curve is reached. 
Then the velocity is controlled to follow this optimal trajec¬ 
tory during deceleration. 

According to the theory for a second order system, time 
optimal access is achieved if the position is proportional to 
the square of velocity (P= KV2, or V = However, in the 
real systerh environment, this theory needs modification in 
two important areas. First, as shown in Figure 1, the slope of 
the trajectory at the origin (final position) is infinite for a pure 
square rootfunction. This infinite slope would result in an 
infinite bandwidth servo loop. As a result, a first order linear 
term needs to be included which will reduce the slope of this 
curve near the origin. Second, at large velocity, the square 
root function is not quite optimal, due to non-zero actuator 
inductance. A higher order term to modify the curve in this 
region needs to be included. 

This trajectory curve, with its first, second, and third order 
terms is implemented with a multiplier in the feedback loop 
of an opamp (see Figure 2). The position input is a current 
which is a fraction of Ibias/ discussed in the trajectory DAC 
section below. The first order term is implemented with a 
feedback resistor (RK1) directly in the feedback path of the op 
amp. This transfer function of this l/V converter is expressed 
by VouT = RKf * l|N- The second order term comes from the 
multiplier. 

I|N = (Vout2/(2.25Ibias*RX*RY)) 

With both terms together, 

^ = Vqut ^ Vqut^ 

RK1 2.25 Ibias * RX > RY 


The first order term dominates near the origin, and the sec¬ 
ond order term dominates, at higher velocities. 

The multiplier is modified by the addition of a resistor (RK3) 
which results in the third order term. This resistor is con¬ 
nected from RXA (pin 18) to either TRAJout o'" Vref- As 
shown in Figure 3, the shape of the trajectory curve for large 
velocities can be adjusted in either direction from nominal, 
depending on which pins RK3 is connected between. It 
should benoted that the above equations are only approxi¬ 
mate. The actual multiplier transfer function is not a pure 
second order function, even with RK3 unconnected. The 
multiplier is designed to approximate the required trajectory 
for most typical servo systems. For most applications, very 
little correction with RK3 will be required. On the ML4404, 
an additional resistor (RYyos) equal to RY can be included 
which nulls the offset of the curve near the origin. 

Since the resistors Rset/ RRI/ RX, RY, RK3, and RVyos 3fe all 
external, any desired trajectory can be set. The constraints on 
these values are as of follows: 

Voutmax<'I-5 * RX * Ibias 

Voutmax>1-5 * RY * Ibias 

Voutmax<3.5V 

6k<RsET<'l2kforVREF = 5V 

Rfilt<RK1/10 

RfILT * CfilT 2 <RR'I * CcOMP 

RiOAD^lOkfo Vref 

VouTMAX is the maximum trajectory output voltage (relative 
to Vref). 

Trajectory DAC 

The trajectory DAC creates, a position input for the trajectory 
multiplier. The position input is controlled by the duty cycle 
of the TTL inputs MSB and LSB. For most applications the 
position information will be digitally encoded to 8-bit 
resolution — each code representing one track. Therefore, the 
full scale input of the trajectory curve is 255 tracks. The input 
current corresponding to this full scale is Ibias- 

Since the duty cycle of a single line is difficult to control to 
0.47o (1/256), the duty cycle to input current translator sec¬ 
tion is divided into 2 signals (MSB and LSB). As shown in 
Figure 4, the ratio between these two currents is 8/1. The 5 
lower order bits of code are modulated into the LSB input, 
and the 3 higher order bits into the MSB input. For example, 
a position input of 32 tracks would correspond to the MSB 
line aivyays inactive, and the LSB line always active. 256 
tracks would be MSB always active, and the LSB always 
inactive. 1 track would be MSB always inactive, and LSB 1/32 
of the period active. 

In general for an 8-bit binary code D7 D6 D5 p4 D3 D2 D1 
DQvvhe r eT>7 -i st h e lTiglror c l e r M 7 t h eactive ^ t tt y - cye l e - for — 
the MSB input is D7 D6 D5/8 and the active duty cycle for 
the LSB input is D4 D3 D2 D1 DO 132. For example 10100011 
(163 tracks) would be active 5/8 of a period on the MSB, and 
3/32 of a period on the LSB. 
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Figure 1. Figure 2. 


ISUM 

Vcc TO MULTIPLIER 



empirically. The PWM ripple is dependent on RfilT/ CfiltI/ 
Cfilt 2/ well as the duty cycle (50% duty cycle on the MSB 
will result in the largest ripple), and the frequency of modula¬ 
tion (the ripple is proportional to the square of the period). 

Fourth, the RFiirCFiLT combination must be set such that the 
dynamic response of the trajectory output does not over¬ 
shoot during deceleration. Ideally, the RC combination 
should be set such that the system is critically damped to a 
maximum deceleration input. 

Note that a tradeoff exists between the ripple amplitude and 
the transient response. Too large a value of Rfilt-Cfilt will 
cause an overshoot in the transient response, and a low rip¬ 
ple level. Too small a value will provide acceptable transient 
response, but a large ripple amplitude. A range of values 
exists for most applications which results in acceptable per¬ 
formance for.both ripple and transient response. 

Anticipate 

The function of the anticipate block is to modify the trajec¬ 
tory curve during acceleration. This compensates for the 
actuator inductance delay during the accelerate-to- 
deceierate transition. 



--DISTANCE TO GO 

Figure 3. 


AC Considerations—Trajectory Amp/Multiplier 

The AC response of the trajectory output is primarily con¬ 
trolled by the external components Cfilti/ Cfilt 2 / ^filT/ RKl/ 
and CcoMP Four parameters must be considered to deter¬ 
mine the values of these components. 

First, the value of RK1 is set based on the bandwidth of the 
servo loop. RKl sets the gain of the trajectory function at the 
origin. As the system bandwidth increases, more gain Is re¬ 
quired near the origin, and the value of RKl increases. 

Second, the exponential decay rate of the trajectory output 
during deceleration must be fast enough for the mechanical 
system to dominate the loop response. As the head ap¬ 
proaches the target track, the multiplier (2nd and 3rd order 
terms) becomes less significant, and the first order term domi¬ 
nates. In this region, the exponential decay is dominated by 
the RKl * CcoMP product. This product should be set at a 
frequency which is a few times higher than that of the posi¬ 
tion loop bandwidth, so that the overall phase margin is not 
significantly degraded. 

Third, the filter components should be set such that the rip¬ 
ple from the trajectory DAC is minimized. Once the values 
for CcoMP 3rid RKl have been set, then the values of the 
remaining components, Cfilti/ Cfilt 2/ ^rid RfilT/ can be de¬ 
termined. As the capacitance and resistance of these 
components increase the PWM ripple from the trajectory 
DAC is reduced. Due to the nonlinear nature of this circuit 
block, a mathematical analysis of the ripple is quite cumber¬ 
some, so the values of these components are best chosen 


At the start of a access operation, the actuator is driven into 
acceleration. The actuator velocity increases until either the 
maximum velocity is reached, or the trajectory deceleration 
curve is reached. As shown in Figure 5, if the trajectory curve 
is reached first, then the actuator needs to be driven into 
deceleration so that the trajectory curve can be followed. 

This accelerate-to-decelerate transition requires that the 
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current in the actuator be reversed. Since this cannot happen 
instantaneously (due to actuator inductance), a phase shift 
results. The actuator will then overshoot the desired trajec¬ 
tory, and miss the target track. However, if the curve can be 
modified (see Figure 5) such that the accelerate-to-decelerate 
transition begins before the nominal trajectory is reached, 
this overshoot problem can be eliminated. This function is 
implemented with a switched transconductance amp. Dur¬ 
ing acceleration (DECEL input low), the anticipate output 
becomes a voltage follower-the anticipate signal is identical 
to the TRAJout signal. An external resistor from anticipate to 
TRAJin will modify the trajectory curve as required. During 
deceleration, the anticipate output becomes a high impe¬ 
dance and the normal trajectory curve is followed. 

In addition to the external resistor, an external capacitor to 
Vr^P sets the anticipate decay time constant equal to the 
current reversal time for the actuator. 

Velocity Error Amplifier 

The function of this block is to subtract the desired velocity 
(from the trajectory output) with the actual velocity (from the 
servo controller) to create a velocity error output. This error 
output is multiplexed through the servo controller into the 
servo driver during access mode (see ML4403, ML4413 data 
sheet). : . : 

Since the polarity of the velocity input from the ML4403, 
ML4413 is the opposite of the trajectory output polarity, the 
difference function is accomplished with a summing ampli¬ 
fier, as shown in the application diagram. The summing resis¬ 
tors and the feedback resistor are external. 

V/1 Amp—Velocity Filter 

The function of this block is to create a low noise velocity 
input. The velocity error amp requires that a clean, noise-free 
velocity input be compared with the desired velocity (from 
the trajectory output) to create a velocity error signal. 

One way to create this velocity signal is to differentiate posi- 
tion. However, the differentiated signal will be noisy, and this 
noise can excite the mechanical resonances in the system. 
Another way to create velocity is to integrate acceleration. 
This eliminates the noise problem, however, the integrator. 
DC accuracy will be poor due to the drift. 

The ML4404 uses both of these techniques to achieve 
a low noise tachometer function which will operate at 
low frequencies noise from the mechanical resonances 
is attenuated by the RC fllten The filter output is then 
summed with a current proportional to acceleration.: 


VElOCtTY- 


ACCELE RATION- 




Im == ACTUATOR MOTOR CURRENT 


Figure 6. 

The V/l amp creates this current by monitoring the 
sense resistors in the bridge driver. The resulting 
transfer function has both a pole and a zero, and can 
be expressed by: 

Vqut ^ R*(M*RSB/(KF*KT*RSA))*S 1 
V|N R*C*S + 1 

Where KT = The velocity transducer gain (from differentiator) 
KF = Motor force constant 
M =Tota[ moving mass 

The above equation is a first order approximation which 
assumes that the, frictional components of the system (such 
as windage) are negligible. If the pole and zero are set to 
identical,frequencies, then an all pass function is achieved. To 
do this, first, set the pole (W =* 1 / RC) at a frequency much 
lower than the mechanical resonances. Then set the scaling 
resistors, RSA, such that: 

RSA-M*RSB/(KF’^KT*C) 

Note that setting a lower corner frequency results in 
increased dependence on the actuator current being an 
accurate representation of true acceleration. Some frictional 
terms and bias forces (such as flex cable force), as well as 
variations in KF, will distort this relationship. The lower limit 
on this corner frequency will be determined by these non 
ideal effects. 


Error Averaging 

The velocity error output should ideally be within a few milli¬ 
volts of Vref zero error) through the deceleration re¬ 
gion. However, due to manufacturing tolerances, this error 
will not be identical for each drive. Fhe EMASbuT and ELAF^ 
CHout pins, allow this error to be nulled out for each indi¬ 
vidual system. 

During deceleration (DECEL input high) a transconductance 
amplifier is switched on (see Block Diagram) and the velocity 
error output is integrated through an externaLCapacitor. This 
average velocity error is then compared with Vref and sent to 
ELATCHouj (TTL output). 
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During acceleration (DECEL input low) the amplifier is 
switched off (high impedance output) and the external ca¬ 
pacitor is discharged to Vref through an external resistor. In 
this condition, the TTL output, ELATCHouT/ ‘S held in its 
previous state. Since the velocity error during acceleration is 
not of interest, the ELATCHout during acceleration is the sign 
of the average velocity error output at the end of the previous 
deceleration cycle. 

The processor can modify the velocity transducer gain 
based on the state of the ELATCHout signal. During a 
power-up sequence, this transducer gain can be 
iteratively adjusted through several seek operations 
until the velocity error is minimized. As described 
below, one of the PWM to current translators on the 
ML4404 could be used to adjust this transducer gain. 

PWM To Current Translators 

The function of this block is to convert the duty cycle of a TTL 
input line to an analog output voltage. To optimize a complex 
servo control system, the manufacturing tolerances of some 
components must be accounted for. Traditionally, the manu¬ 
facturing process included an expensive sequence of mea¬ 
surement and adjustments bring each individual unit within 
specification. A more cost effective solution is to perform 
these tasks through software control. 


The ML4404 implements this function with TTL to 
current translators. The external components Rrwm 
and CpwM set the desired characteristics. The 
operation of these translators can be expressed by: 

VO=Vref-h1bias * RpwM * (2 * DUTY CYCLE/ 100-1) 
Thus for a 50% duty cycle, the output voltage equals the 
reference voltage. The output voltage increases linearly with 
the input duty cycle. 

The external capacitor (Crwm) should be made sufficiently 
large to smooth out the PWM ripple. 

The ML4404 has two translators. These stand-alone 
converters can be used for any purpose, but their 
intended functions are: 

1. To set the ACC reference voltage on the ML4401, 
ML4431 servo demodulator. 

2. To offset the position loop null location for data 
recovery (compensator inputs on the ML4403, 
ML4413 servo controller). 

3. To offset the access arrival point for the trajectory 
(•sum node on the ML4404). 


TRAIout EAMPin anticipate EAMPout Vcc cnd 



PWMouTB 


EMEASout 


ELATCHout 


DECEL 


Vref 


* Not available on the ML4404 
** Not available on the ML4414 


Figure 7. Block Diagram of Trajectory Generator. 
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’NOTE: THESE ARE TYPICAL VALUES ONLY AND MAY NOT BE OPTIMAL CHOICES. 
’’NOTE. CIRCUIT DRAWN FOR ML4403CQ AND ML4404CQ VERSIONS. 

DIFFERENT PIN NUMBERS ARE USED ON OTHER VERSIONS. 


Figure 8. Connecting the ML4403 to the ML4404 Trajectory Generator and the ML4402 Servo Driver 
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ORDERING INFORMATION 


PART NUMBER 

TEMP. RANGE 

PACKAGE 

ML4404YCQ 

0°C to +70°C 

MOLDED PCC (Q28) 
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Disk Voice Coil Servo Driver 


GENERAL DESCRIPTION 

The ML4406 is a voice coil power driver intended for 
use in Hard Disk servo systems. The ML4406 contains 
all power and control circuitry necessary to drive the 
voice coils of most 3.5" drives. In addition, power fail 
detection and head retraction functions are provided 
for orderly shut-down of the drive. 

The transconductance is programmed by a logic input 
at 1/4 A/V and 1/24 A/V respectively, Using a IQ sense 
resistor. This allows for greater DAC resolution in 
digitally controlled servos during track follow without 
compromising dynamic range during seek. 

The retraction circuit, main drive cicruit, and control 
circuits are each powered from their own supplies. This 
allows maximum flexibility and provides for the lowest 
forward drop. 

The power fail detection circuit includes a precision 
2.5V bandgap reference with the option of either 


internally generated power-fail thresholds (ML4406) or 
open comparator inputs for adjustable thresholds 
(ML4407). 

The ML4406 is implemented using Micro Linear's 
bipolar array technology. This allows for easy customi¬ 
zation of the 1C for a user's specific application. 

FEATURES 

■ 500mA power output with 1.5V total forward drop 

■ Low offsets, cross-over distortion and quiescent 
current 

■ Pin-programmable transconductance settings 

■ Retraction circuitry with programmable retract 
current, voltage limiting, and separate supply pin 

■ On-chip precision power fail detect circuitry 

■ Over-temperature protection with flag output 

■ Logic input available for disabling outputs 


--T v-snr-1 resistors CONNECTED 

+12V 11-25k 3.75k TO COMPARATOR ON 


POWER FAIL DETECT 


5V COMP I 
12V COMP ! 

"ref I" 


CONTRQL+ 

CONTROL- 


HIGH/LOW 
ENABLE 


OUTPUT+ ^ 
PWR GND A , 


I SERVO 
! COIL 



+5V 

]“■ 

OVER-TEMP. 1 < 

[, 

1 32k 

1 

1 

DETECT 1 ^ 

' M 

1 

1 



RETRACT 



ENABLE A 


KRET) SET ' •^(RET) 

—-—Mj WV- 

GND K 


FROM 

MOTOR 

WINDINGS 
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PIN CONFIGURATION 

ML4406/ML4407 
20-Pin PCC 


DISABLE I 


+12V POWERFAIL 


I +5V 


y 3 

4 

2 

1 20 

19 

18 

] 5V COMP 

5 



17 

] 12V COMP 

6 



16 

] REF 

7 



15 

] CONTROL- 

8 

9 

10 

11 12 

14 

13 

] CONTROL+ 


PWR GND B I 
OUTPUT+ 


PWR GND A 
OUTPUT- 


PWR Vc 


PIN DESCRIPTION 


PIN NO. 

NAME 

FUNCTION 

1 

RETRACT 

A logic "0" input causes the 
main outputs to tri-state and 
the retraction circuit to 
activate. This input also 
functions as a flag output and 
will go low In the event of an 
over-temperature condition. 

2 

+12V 

12V power to the circuit and 
input to the power fail 
detection circuit. 

3 

DISABLE 

A logic "1" turns off the main 
outputs. 

4 

l(RET) SET 

A resistor to ground sets the 
retract current. 

5 

HIGH/LOW 

A logic "1" sets the trans¬ 
conductance gain to 1/4 while 
a logic "0" sets the gain to 

1/24. Transconductance gain is 
voltage across Rsense ^ the 
Input voltage. 

6 

GND 

Analog Signal Ground. 

7 

V(RET) 

Power supply for the retract 
circuit. 

8 

R(SENSE) 

Current sensing resistor 
terminal. 

9 

PWR GND B 

Ground Terminal for power 
amplifier. 

10 

OUTPUT+ 

Output terminal for bridge 


amplifier. 


PIN NO. 

NAME 

FUNCTION 

11 

PWR VC 

Power supply for bridge 
amplifier. 

12 

OUTPUT- 

Output terminal for bridge 
amplifier. 

13 

PWR GND A 

Ground Terminal for power 
amplifier. 

14 

CONTROL+ 

Positive Input for current 
command. 

15 

CONTROL- 

Negative input for current 
command. 

16 

REF 

Reference Input to the Power 
Fall comparator. Leave open to 
use Internal 2.5V reference. 

17 

12V COMP 

Input to the Power Fall 
Comparator. Connect to an 
external resistor divider for the 
ML4407. Internally connected 
to a resistor divider from 12V 
in the ML4406. 

18 

5V COMP 

Input to the Power Fail 
Comparator. Connect to an 
external resistor divider for the 
ML4407. Internally connected 
to a resistor divider from 5V 
in the ML4406. 

19 

+5V 

5V power supply terminal. 

20 

POWER FAIL 

Open collector output drives 
low if pin 17 or pin 18 are 
below pin 16. Normally tied to 


pin 1. 
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ABSOLUTE MAXIMUM RATINGS 


Supply Voltage (Pins 11, 13, 2) .. 14V 

Voltage Pins 19, 18, 1^ 16, 1, 3, 5 .. -.3V to +7V 

Pins 14, 15 ...... -.3 to +Vcc 

Output Current . ±750mA 

Retraction Current . 80mA 

Retract Set Current (Pin 4) . 3rhA 

Junction Temperature . 150®C 

Storage Temperature Range . -65°C to ISO'C 

Lead Temperature (soldering 10 sec.) ... lOO*^^ 

Thermal Resistance (0 ja) . .V:...... 60°C/W 


OPERATING CONDITIONS 


Temperature Range ... 0°C to 70°C 

Supply Voltage (PWR VQ +12V) . 12V ± 10% 

+5V (Pin 19) .... 5V + 10% 

V(RET) (Pin 7) ..... 2.5V to 16V 

Control + Voltage Range (Pin 15 = 5V) . OV to Vcc 

Control - Voltage Range . -IV to V^c - 1V 


Absolute maximum ratings are those values beyond which the device 
could be permanently damaged. Absolute maximum ratings are 
stress ratings only and functional device operation is not implied. 


ELECTRICAL CHARACTERISTICS 

Unless otherwise specified, T^ = Operating Temperature Range, Vcc = ^^V, Rsense = I^load = 'ISO, 
CONTROL- (Pin 15) = 5V, Rsej (Pin 4) = 1.2KO. 


PARAMETER 

CONDITIONS 

MIN 

typ 

MAX 

UNITS 

Amplifier 

Offset 




±10 

mA 

Gain 

Pin 5 = 2V 

238 

250 

263 

mA/V 


Pin 5 = 0.8V 

39.6 

41.7 

43.8 

mA/V 

Bandwidth 



100 


KHz 

Sinking Saturation 

Iqut “ 100mA 



•6 

V 


Iqut ~ 300mA 






Iqut ~ 500mA 



1.0 


Sourcing Saturation 

Iqut ~ 100mA 



1.2 

V 


Iqut ~ 300mA 



1.3 



Iqut ~ 500mA 



1.5 


Retraction Circuit 

l(RET)SET 



.75 


V 

Turn On Time 



300 


ns 

Turn Off Time 



2 


ms 

l(RET) Current 

Pin 1 = 0.8V 

34 

50 


mA 

Power Fail Detection Circuit 

Reference Voltage 


2.35 

2.50 

2.65 

V 

Reference Source Impedance 


. 

2.25 


kO 

Comparator Bias Current 

ML4407 only. Pin 20 high 

' 

50 

250 

nA 

Hysteresis Current 

Pin 20 low, ML4407 only 


10 


M 

Offset Voltage 

ML4407 only 



10 

mV 

12V Threshold 

ML4406 only 


9.5 

10 

10.5 

V 

Hysteresis 

ML4406 only 



120 


mV 

5V Threshold 

ML4406 only 


4.40 

4.575 

4.75 

V 

Hysteresis 

ML4406 only 



30 


mV 

Logic Inputs 

Voltage High (V|h) 


2 

1.4 


V 

Voltage Low (V|l) 



1.4 

.8 

V 

Current High (I|h) 

V,N = 5V 



±10 

//A 

Current Low (I|l) 

> 

o 

II 

z 

> 

Except Pin 1 

-40 

-10 





Pin 1 Only 

-250 

-160 


fjA 
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ELECTRICAL CHARACTERISTICS (Continued) 

Unless otherwise specified, Ta = Operating Temperature Range, Vcc = 12V, Rsense = 1^^/ ^load = 150, 
CONTROL- (Pin 15) = 5V, Rset (Pin 4) = 1.2kO. 


PARAMETER 

CONDITIONS 

MIN 

TYP'. 

MAX 

UNITS 

Current Consumption 

Pin 19 

•load = 0 


1 

2 

mA 

Pin 7 

•ret = 0 


1 

, 2 

mA 

Pin 2 + Pin 11 

•load = 0 


10 

15 

mA 


FUNCTIONAL DESCRIPTION 

POWER AMPLIFIER 


The ML4406 power amplifier circuit is set up as a 
Howland current source with a fixed gain of 1/4 or 1/24 
(set by driving pin 5 high or low respectively). This 
architecture yields minimal cross-over distortion while 
maintaining low output cross conduction currents. The 
gain figure refers to the ratio of input voltage to the 
output voltage seen across Rsense- Pof example, at a 1/4 
gain setting with V- input at 2.5 and the V+ input at 4.5V, 
+500mA would flow through the coil using a IQ sense 
resistor. Under the same conditions with pin 5 low, the 
current would be 83mA. The ability to change from low 
to high gain allows more complete utilization of DAC 
resolution when in the track follow mode. 


The output stage (Figure 2) is designed to provide 
minimal saturation losses and employs a "composite 
PNP" for the sourcing drive and a saturable NPN to sink 
current. Sourcing saturation drop is typically .9V while 
sinking saturation drop is typically < 0.4V. 


PWR VC 



Figure 2. Main Power Output Stage 



Figure 1. Power Amplifier Topology Figure 3. Output Saturation Voltage vs. Output Current 

(Power Vc = 12V) 


icro Linear 


5-85 







ML4406, ML4407 


Power Fail Detect 

The ML4406 power fail detection circuit consists of a 
precision trimmed reference, resistor dividers, and an 
"or-function" comparator with hysteresis. The 10/iA 
current sink on the comparator input lowers the 
comparator's positive input by 15mV when the output 
of the comparator is high. This creates an effective 
hysteresis of 3GmV at the 5V input (on the ML4406). 

The amount of hysteresis and threshold levels can be 
programmed by external resistor dividers on the 
ML4407. The Impedance of the external divider sets the 
amount of hysteresis while the division ratio sets the 
power fail threshold. The output at pin 20 is open- 
collector and is normally tied to pin 1 which is 
internally pulled-up to 5V. 

Retract 

The retract circuit features a current sink which is 
programmed via external resistor from pin 4 to ground 
(Rret) The output of the retract circuit is voltage 
limited to 1.4y. The current sink provides an 
acceleration limit during retract while the voltage 
limited source provides a velocity limit. Pin 1 (Retract 
Input) also serves as a flag to indicate an over¬ 
temperature condition on the die. Pin 1 goes low in 
the event of over-temperature, which occurs when the 
die temperature exceeds a safe operating limit (about 
160°C). 

The retraction current is set by programming 
(figure 4). The retract circuit works down to 3V on 
Vretract (Pin 7). 

Compensation 

Figure 6 shows the equivalent AC circuit for the 
transconductance amplifier. 

The amplifier's current bandwidth is limited by CoTit 
which varies with the value chosen for Rsense 

^ _ 25nF 

CoUT--- 

Rsense 

With no snubber (RS and CS) the bandwidth is limited 
to 

. _ 1 / 2.414 

h-3dB-\ / ---—: 

lir V L(M) C(OUT) 

Since this is a second order system with L(M) and 
C(OUT) forming a resonant circuit, some damping is 
desirable to reduce ringing in the step response. This 
is accomplished with a resistive snubber. The optimum 
value of R(S) occurs when the following condition is 
met: 

R,S)=\/^ 

V C(OUT) 

For a given C(S), setting R(S) to this value will minimize 
the ringing in the transient response. Larger values of 
R(S) will result in more ringing and more bandwidth. 
Smaller values of R(S) will result in more ringing and 
less bandwidth. R(S) should not exceed 3000. 



Rset (fl!) 


Figure 4. Retract Current vs. Rset 



Figure 5. Total Flarmonic distortion vs Frequency 
Low Gain Setting (VpiN 5 = 0), I^ense = 1^/ Vin = 2.4Vp_p 
High Gain Setting (Vpusj 5 = 0), I^ense “ = 0.4Vp_p 



Figure 6. AC Equivalent Circuit for Current Amplifier, 
Voice Coil Motor (VCM) and Snubber. 

C(S) (snubber capacitor) values of between 200nF and 
1//F are usually necessary to achieve the desired 
reduction of ringing in the step response. At the 
optimum value of R(S) larger values of C(S) further 
reduce the ringing but do not affect the bandwidth. 

Tuning the current loop response can be easily done 
sirnulating the network in figure 6 with a computer 
simulator (such as SPICE). 
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APPLICATIONS 



Figure 7. Typical Application: ML4406 used with ML2341 8-bit DAC provides up to 12-bit effective resolution 


ORDERING INFORMATION 


PART NUMBER 

TEMP. RANGE 

PACKAGE 

ML4406CQ 

0°C to +70°C 

MOLDED PCG (Q20) 

ML4407CQ 

0°C to +70°C 

MOLDED PCC (Q20) 
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ML4408 


Low Voltage Drop Voice Coil Servo Driver 


GENERAL DESCRIPTION 

The ML4408 is a voice cqir power driver intended for 
use in High Performance 12V Hard Disk servo systems. 
The ML44d8 contains all control circuitry necessary to 
drive the voice cDils of most small drives. To maximize 
compliance voltage, the ML4408 includes two 1-Amp 
NPN drivers and provides drivers for external PNP 
transistors. In addition, power fail detection and a low 
voltage head retraction functions are provided for 
orderly shut-down of the drive. 

The transconductance is programmed by a logic input 
at 1/4 A/V and 1/24 A/V respectively, when using a IQ 
sense resistor. This allows for greater DAC resolution in 
digitally controlled servos during track follow without 
compromising dynamic range during seek. 

The retraction circuit, main drive circuit, and control 
circuits are each powered from their own supplies. 
Retract is self-contained for 12V systems but allows the 
use of an external PNP retraction with as little as IV of 
back EMF from the spindle. 


The power fail detection circuit includes a precision 
1.5V bandgap reference and a power fail comparator. 

The ML4408 is implemented using Micro Linear's 
bipolar array technology. This allows for customization 
of the 1C for a user's specific application. 

FEATURES 

■ Low saturation voltage «1V at 1A) 

■ No cross-over distortion with low quiescent 
current 

■ Pin-programmable transconductance settings 

■ Retraction circuitry with programmable retract 
voltage and separate power pin 

. ■ On-chip precision power fall detect circuitry 

■ Over-temperature protection with flag output 


BLOCK DIAGRAM 



1 DISABLE (PWR DOWN) 
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PIN CONFIGURATION 


ML4408 
24-Pm SOIC 




PIN DESCRIPTION 

PJN # NAME 


FUNCTION 


6 

7 

8 

9 

10 

11 


Vcc Supply input to power amplifiers. 

DISABLE A Logic "1" puts the 1C into a low 
(PWR DOWN) power state and disables the 
power amplifiers. 

A logic "1" sets the 
transconductance gain to 1/4 
while a logic "0" sets the gain to 
1/24. Transconductance gain is the 
VrsenSE ^ VcoNTROL* 

Open collector output which pulls 
low during retract. Used to drive 
external power transistor to 
source retract current to the coil 
and can provide a braking signal 
to spindle. 

External set resistor to establish a 
voltage limit for the internal 
retract driver. 

Analog signal ground. 

Current sense resistor terminal. 
Supply pin for retract circuits. 

PNP Base drive output for 
inverting power amplifier. 

PWR GND B Power return pin for inverting 

power amplifier. Normally used for 
current sensing. 

Current sinking output for 
inverting power amplifier. 

Connects to voice coil (-) terminal. 


HIGH/LOW 


RETR OUT 


RET SET 

GND 
R(SENSE) 
V(RET) 
SOURCE B 


SINK B 


PIN # 


NAME 


FUNCTION 


12 

SOURCE A 

PNP Base drive output for non¬ 
inverting power amplifier. 

13 

SINK A REF 

Kelvin sensing point for power 
amplifier. Connect to SINK A. 

14 

SINK A 

Current sinking output for non- 
inverting power amplifier. 

Connects to voice coil (+) terminal. 

15 

PWR GND A 

Power return pin for non-inverting 
power amplifier. Normally used for 
current sensing. 

16 

CONTROL+ 

Positive input for current 
command. 

17 

CONTROL- 

Negative input for current 
command. 

18 

COMP 1 

Pin for external compensation 
capacitor. 

19 

COMP 2 

Pin for external compensation 
capacitor. 

20 

5V SENSE 

Center node of a resistor divider 
from +5V. 

21 

+5V 

Input for +5V for power fail 
detection and logic power supply. 

22 

POWER FAIL 

Open Collector output drives low 
for low voltage conditions. 

23 

RETRACT 

A logic "'0" initiates retract. Also 
used as an open-collector over¬ 
temperature output flag. 

24 

12V SENSE 

Input to the power fail 
comparator from a resistor divider 
from Vcc- 
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ABSOLUTE MAXIMUM RATINGS 

Absolute maximum ratings are those values beyond which the 
device could be permanently damaged. Absolute maximum 
ratings are stress ratings only and functional device operation 
is not implied. 


Supply Voltage (pins 1, 8) ..... 14V 

Voltage pins 2, 3, 23 .... -.3V to +7V 

pins 4, I 9, 11, 12, 13, 14, 16, 17, 22 .. -.3V to Vcc 

Output Sink Current .... ±1A 

Retraction Current .. 80mA 

Retract Set Current (pin 5) .. 3mA 

Junction Temperature ........ 150®C 

Storage Temperature Range ... -65®C to +150®C 

Lead Temperature (Soldering 10 sec) .....:. 150°C 

Thermal Resistance (^ja) . 60®C/W 


OPERATING CONDITIONS 


Temperature Range ......0®C to +70°C 

Vcc Supply Voltage 

12V operation ....10.8V to 13.2V 

+5V (pin 21) Supply Voltage ... 4.5V to 5.5V 

V(RET) (pin 8) Supply Voltage 

12V operation ....2.5V to 13.2V 

Control + Voltage Range (pin 15 = 5V) .. OV to Vcc 

Control - Voltage Range ... 2V to Vcc - T5V 


ELECTRICAL CHARACTERISTICS 

Unless otherwise specified, Ta = Operating Temperature Range, V^c = Operating Range, Rsense ^ ^coiL = ISQ, 
CONTROL- (pin 17) = Vcc/ 2 / Cl = 30pF, Q1, Q2 = MjE210, Rset = 3.7KQ. 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Amplifier 

Offset 




±10 .. 

mA 

Gain 

Pin 5 = 2V 

238 

250 

263 

mA/V 


Pin 5 - 0.8V 

39.6 

41.7 

43.8 

mA/V 

Bandwidth 



100 


KHz 

Sinking Saturation 

louT ” 100mA 


.3' : 


V 


Iqut ~ 300mA 


' -4 


V 


Iqut “ 500mA 


.5 


■-' V ^ 

Sourcing Saturation 

Iqut “ 100mA 




V 


louT ~ 300mA 


.2 


V 


Iqut “ 500mA 


.3 


V 

Source A/B Base Drive 


20 



mA 

Q1/Q2 Standby Current 

VpiN 16 = 5V 

,, , , ^ 

4 


mA 


Retraction Circuit 


l(RET) SET 



.75 


V 

Turn On Time 



800 


ns 

Turn Off Time 



8 


//s 

Source Voltage 

VpiN 23 = 0-8V, VpiN 8 = 3V, 

IpiN 7 ” 50mA 

0.95 

1.2 

1.5 

V 

Sink Current 

VpiN 23 “ 0-8V, VpiN 8 = 1.2V, 
Vp,Nii=0.5V 

36 

48 

60 

mA 

RETR OUT VoL 

VpiN 23 0-8V, IpiN 4 = 1mA 


■ 0.1"-'' ' 

0.4 

V 


Power Fail Detection Circuit 


12V Threshold 


9.5 

10 

10.5 

V 

Hysteresis — 12V Sense 



120 


mV 

5V Threshold 


4.40 

4.575 

1 

4.75 

V 

Hysteresis — 5V Sense 



30 ' 


mV 
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ELECTRICAL CHARACTERISTICS (Continued) 

Unless otherwise specified, Ta = Operating Temperature Range, Vcr = Operating Range, Rsense = Rcoil = 150, 
CONTROL- (pin 17) = Vcc/ 2 / C1 = 30pF, Q1, Q2 = MjE210, Rset = 3.7KQ. 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Logic Inputs and Outputs 

Voltage High (V|h) 


2 

14 


V 

Voltage Low (V|l) 



14 

.8 

V 

Current High (I|h) 

V,N = 5V 



±10 

fjA 

Current Low (I|l) 

V|N = oy except pin 23 

-40 

-10 


UA 


V||s| = oy pin 23 only 

-250 

-160 


fjA 

Voltage Low (pins 22, 23) 

Iql “ 1rnA 



.4 

V 


Over-Temperature Detection 


Tj Threshold 



160 


“C 

Hysteresis 



30 

_1 

°C 


Current Consumption 


Pin 21 

Pin 21 = 5.5V 


5 

1 

7 

mA 

Pin 1 

Vcc = 13.2V, VpiN 16 = Vcc/2 


5 

10 

mA 

Pin 8 

Vp,N 8 = 13.2V, Vp,N 23 = 5V 


3.5 

_1 

5 

mA 


FUNCTIONAL DESCRIPTION 


POWER AMPLIFIER 

The ML4408 power amplifier circuit (figure 1) is set up 
as a Howland Current source with a fixed gain of 1/4 
or 1/24 (set by driving pin 3 high or low respectively). 
This architecture yields minimal cross-over distortion 
while maintaining low output cross conduction 
currents. The gain figure refers to the ratio of input 
voltage to the output voltage seen across Rsense- For 
example, at a 1/4 gain setting, with V(-) input at 2.5V 
and the V(+) input at 4.5V, +500mA would flow through 
the coil using a 10 sense resistor. Under the same 
conditions with pin 3 low, the current would be 83mA. 
If lower input voltage swings and higher currents are 
desired, the overall transconductance gain may be 
increased by using a lower value of sense resistor, 
however offset current will increase proportionally. The 
ability to change from low to high gain allows more 
complete utilization of DAC resolution when in the 
track follow mode. 

The output stage is designed to provide minimal 
saturation losses and employs an external PNP transistor 
for the sourcing drive and an internal saturable NPN to 
sink current. Sinking saturation drop is typically under 
0.4V. Sourcing saturation drop depends on the external 
transistors used. 


COMP 1 COMP 2 



Figure 1. Simplified Power Amplifier Schematic 
(High Gain Mode) 

Two areas should be considered to avoid high 
frequency oscillation in the output stage: 

1. Choose external PNP transistors with a ?t of at least 
50MHz. 

2. An RC compensation network should be used to 
cancel the zero presented to the output by the L/R 
of the voice coil rnotor as shown in figure 2. 

COMPENSATION 


Care should be taken to avoid drawing substrate 
currents due to negative excursions on any pin of the 
ML4408. Schoktty diodes should be included on both 
sides of the VCM to prevent negative excursions from 
forward biasing the substrate diodes on the 1C. 


Figure 2 shows the equivalent AC circuit for the 
current amplifier. 


Micro 
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Figure 2. AC Equivalent Circuit for Current Amplifier^ 
Voice Coil Motor (VCM) and Snubber. 

The amplifier's current bandwidth is limited by CouT 
which varies with the value chosen for Rsense 

CouT ^^QQ^(Ccomp 12.8pF) 

Rsense 

Where Ccomp is C1 between pins 18 and 19. With no 
snubber (Rs and Cs) the bandwidth is limited to 


1 / 2.414 

Iw V L(M) C(OUT) 


Since this is a second order system with L(M) and 
C(OUT) forming a resonant circuit, some damping is 
desirable to reduce ringing In the step response. This is 
accomplished with a resistive snubber. The optimum 
value of R(S) occurs when the following condition 
is met: 



For a given C(S), setting R(S) to this value will minimize 
the ringing in the transient response. Larger values of 
R(S) will result In more ringing and more bandwidth. 
Smaller values of R(S) will result in more ringing and 
less bandwidth. C(S) (snubber capacitor) values of 
between 200riF and 1//F are usually necessary to 
achieve the desired reduction of ringing in the step 
response. At the optimum value of R(S) larger values of 
C(S) further reduce the ringing but do not affect the 
bandwidth. 

Tuning the current loop response can be easily done 
simulating the network in figure 2 with a computer 
simulator (such as SPICE). 

POWER FAIL DETECT CIRCUIT 

The ML4408 circuit consists of a precision trimmed 
reference, resistor dividers and an "or function" 
comparator with hysteresis. The output (open collector) 
of this circuit appears on pin 22. When either 
comparator input (pins 20 and 24) falls below the 1.5V 
reference, pin 22 pulls low. 

RETRACT CIRCUITS 

When pin 23 goes low, pin 4 will pull low. The internal 
NPN transistor will saturate, pulling SINK B (pin 11) low. 
This portion of the circuit will function with less than 
IV on V(RET). An internal voltage limited pull-up 
transistor is provided which sources current on pin 7 to 
the VCM. This circuit will operated reliably down to a 
V(RET) voltage of around 2.5V, making the ML4408 
retract circuit adequate for 12V systems where the 
spindle motor EMF provided is adequate. 



Figure 3. Output Current: Vim = 100 Hz Sine Wave, 1 Vp_p Figure 4. Output Current: V|m = 1 KHz Sine Wave, 


Low Gain Mode (VpiM 3 = 0), Rjemse “10 1Vp_p Low Gain Mode (VpiM 3 = 0), Rsense = 10 
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COIL CURRENT (mA) 



Ol—==_1_ \ _1_1_^_1_^_I_1_I 

0 100 200 300 400 500 600 700 800 900 10001100 
COIL CURRENT (mA) 


Figure 5. Output Saturation Voltage vs Output Current 
(Qi = Q2 = MJE210) 


Figure 6. Output Saturation Voltage vs 
Output Current with BSR31 
(Qi = Q 2 = BSR31) 



0 5 10 15 20 25 30 

Rset (KO) 



SINK VOLTAGE (mV) 


Figure 7. Retract Source Voltage Limit 


Figure 8. Retract Sink Voltage vs Current 



Figure 9. Typical 12V Application 
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ML4410 


Sensorless Spindle Motor Controller 


GENERAL DESCRIPTION 


The ML4410 provides complete commutation for delta 
or wye wound Brushless DC (BLDC) motors without 
the need for signals from Hall Effect sensors. This IC 
senses the back EMF of the 3 motor windings (no 
neutral required) to determine the proper 
commutation phase angle using phase lock loop 
techniques. This technique will commutate virtually 
any 3-phase BLDC motor and is insensitive to PWM 
noise and motor snubbing. 

Included in the ML4410 is the circuitry necessary for a 
Hard Disk Drive microcontroller driven control loop. 
The ML4410 controls motor current with either a 
constant off-time PWM or linear current control driven 
by the microcontroller. Speed feedback for the micro 
is a stable digital frequency equal to the commutation 
frequency of the motor. All commutation is performed 
by the ML4410. Braking and Power Fail are also 
included in the ML4410. 

Two different start-up sequencing (minimum start-up 
time or minimum reverse rotation at start up) 
algorithms are supported by the ML4410. Since the 
timing of the start-up sequencing is determined by the 


micro, the system can be optimized for a wide range 
of motors and inertial loads. 

The ML4410 modulates the gates of external N-channel 
power MOSFETs to regulate the motor current. The IC 
drives external PNP transistors or P-channel MOSFETs 
directly. Special circuits are used to save base drive 
power at low load currents. 

FEATURES 

■ Back-EMF Commutation Provides Maximum Torque 
for Minimum ''Spin-Up" Time for Spindle Motors 

■ Accurate, Jitter-Free Phase Locked Motor Speed 
Feedback Output 

■ Linear or PWM Motor Current Control 

■ Easy Microcontroller Interface for Optimized Start- 
Up Sequencing and Speed Control 

■ Power Fail Detect Circuit with Delayed Braking 

■ Drives External N-Channel FETs and PNP's or 
P-Channel FETs 
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ML4410 __ 

PIN CONFIGURATION 

ML4410 

28-Pin PCC (Q28) 

' \ .■■"PNP2 GND ,,>..|(UMIT) : 

VcC 2 I PNP1 I l(CMD) I MMl 

PNP3 
Cota 

OTA OUT 
OTA IN 
N1 
N2 
N3 

KSENSE) I Cvco I RESET | ENABLE E/A 
Cos VCO PWR FAIL 
OUT 

TOP VIEW 



PIN DESCRIPTION 

PIN # NAME FUNCTION __ 

1 GND Signal and Power Ground. 

2 PNP1 Drives the external PNP power 

transistor driving motor PHI 

3 PNP2 Drives the external PNP power 

transistor driving motor PH2. 

4 Vcc2 12V power and power for the 

braking function. 

5 PNP3 Drives the external PNP power 

transistor driving motor PH3. 

6 Cota Compensation capacitor for 

linear motor current amplifier 
loop. 

7 OTA OUT Output of motor current error 

amplifier, normally connected to 
OTA IN or to external MOSFET 
/gate. 

8 OTA IN Driving voltage for N1-N3. 

Normally tied to OTA OUT. 

9-11 N1, N2, N3 Drives the external N-channel 

MOSFETs for PHI, PH2, PH3. 

12 l(SENSE) Motor current sense input. 

13 Cos Timing capacitor for fixed off- 

time PWM current control. 

14 Cvco Timing capacitor for VGO. 

15 VCO OUT Open Collector Logic Output 

from VCO. 


PIN # 

NAME 

FUNCTION 

16 

RESET 

Input which holds the VCO off 
and sets the ML4410 to the 

RESET condition. 

17 

PWR FAIL 

A "0" output indicates 5V or 12V 
is under-voltage. 

18 

ENABLE E/A 

A "1" logic input enables the 
error amplifier and closes the 
back-EMF feedback loop. 

19 

+5V 

5V power supply Input. 

20 

RC 

VCO loop filter components. 

21 

l(RAMP) 

Current into this pin sets the 
initial acceleration rate of the 
VCO during start-up. 

22 

PHI 

Motor Terminal 1. 

23 

PH2 

Motor Terminal 2. 

24 

PH3 

Motor Terminal 3. 

25 

Vcc 

12V power supply. Terminal 
which is sensed for power fail. 

26 

BRAKE 

A "'O'' activates the braking 
circuit. 

27 

l(LIMIT) 

Sets the threshold for the PWM 
comparator. 

28 

l(CMD) 

Current Command for Linear 
Current amplifier. 
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ABSOLUTE MAXIMUM RATINGS 

Absolute maximum ratings are those values beyond which the 
device could be permanently damaged. Absolute maximum 
ratings are stress ratings only and functional device operation 
is not implied. 


Supply Voltage (pins 4, 25) . 14V 

Output Current (pins 2, 3, 5, 9, 10, 11} . ±150mA 

Logic Inputs (pins 16, 17, 18, 26) . -0.3 to TV 

junction Temperature ... 150®C 

Storage Temperature Range . -65°C to +150®C 


Lead Temperature (Soldering 10 sec) ..... 150°C 

Thermal Resistance (^ja) . . 60®C/W 

OPERATING CONDITIONS 

Temperature Range .0®C to +70°C 

Vcc Voltage +12V (pin 25) . 12V ± 10% 

+5V (pin 19) . 5V ± 10% 

l(RAMP) Current (pin 21) . 0 to 100/iA 

I Control Voltage Range (pins 27, 28) . OV to 7V 


ELECTRICAL CHARACTERISTICS 

Unless otherwise specified, = Operating Temperature Range, Vcc '^CCi = 12V, Rsense = 1^/ Cqta = Cyco “ .01/t/F, 
Cos = .02//F 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Oscillator (VCO) Section (Mode 1 or 2 unless otherwise specified) 

Frequency vs. Vpi^ 20 

IV < VpiN 20 ^ 10V 


300 


Hz/V 

Frequency 

Wco OV 

1450 

1800 

2150 

Hz 

Vvco = -SV 

70 

140 

210 

Hz 

Reset Voltage at Cvco 

Mode = 0 


125 

250 

mV 


Sampling Amplifier 


Vrc 

Mode 0 


125 

250 

mV 

Irc 

Mode 1, Rramp ~ 39Kfi 

70 

100 

130 

M 


Mode 2A, VpH 2 = 4V 

30 

50 

70 

fiA 


Mode 2A, VpH 2 = 6V 

-15 

■ 

2 

+15 

M 


Mode 2A, VpH 2 = 8V 

-30 

-50 

-70 

M 


Motor Current Control Section 


l(SENSE) Gain 

VpiN 27 - 5V, OV < VpiN 28 — 2.5V 

4.5 

5 

5.5 

V/V 

One Shot Off Time 


12 

25 

33 

fJS 

l(CMD) Transconductance Gain 



49 


mmho 


Power Fail Detection Circuit 


12V Threshold 


9.1 

9.8 

10.5 

V 

Hysteresis 



150 


mV 

5V Threshold 


3.8 

4.25 

4.5 

V 

Hysteresis 



70 


mV 


Logic Inputs 


Voltage High (V|h) 


2 



V 

Voltage Low (V|l) 




.8 

V 

Current High (I|h) 

V,N = 2.7V 

-10 

1 

10 

M 

Current Low diJ 

V|N = 0.4V 

-500 

-350 

-200 

M 
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ELECTRICAL CHARACTERISTICS (Continued) 

Unless otherwise specified, Ta = Operating Temperature Range, Vcc = ^CC 2 = ^2V, Rsense “ Cqta = Cvco 
Cos = ^02//F 


PARAMETER 

CONDITIONS 

MIN 

' TYP' 

MAX 

UNITS 

Outputs 

l(CMD) = l(LIMIT) = 2.5V 





lpiyip Low 


50 

75 

100 

mA 

IpNP High 

Off State 

-100 


100 

M 

Vn High 

Vp,N8 = 10V 

9.7 

10 

10.3 

V 

Vfsj Low 



.2 . . 

.7;. ■ 

V 

Av Pin 8 to Vn 

VpiN 8 = 6V 

.95 

1, 

1.05 

V/V , 

LOGIC Low 

Iqut “ 0.5mA 




V 

LOGIC louT High 



5 



Supply Currents 

(N and PNP Outputs Open) 





5V Current 



2 

4. 

mA 

Vcc Current 



38 

50 

mA 

Vcc 2 Current 



4 

10 

mA 


Note 1: For explanation of states, see figure 5 and table 1. 


FUNCTIONAL DESCRIPTION 

The ML4410 provides closed-loop commutation for 
3-phase brushless motors. To accomplish this task, a VCO, 
integrating Back-EMF Sampling error arnplifier and 
sequencer form a phase-locked loOp, locking the VCO to 
the back-EMF of the motor. The 1C also contains circuitry 
to control motor current with either linear or constant off- 
time PWM modes. Braking and power fail detection 
functions are also provided on chip. The ML4410 is 
designed to drive external power transistors (N-channel 
MOSFET sinking transistors and PNP sourcing transistors) 
directly, and contains a special circuit to reduce PNP base 
currents when output current demand is reduced. 

Start-up sequencing and motor speed control are 
accomplished by a microcontroller. Speed sensing is 
accomplished by moiiitoring the output of the VCO, 
which will be a signal which is phased-locked to the 
commutation frequency of the moton 


BACK-EMF SENSING AND COMMUTATOR 

The ML4410 contains a patented back-EMF sensing circuit 
which samples the phase which is not energized (Shaded 
area in figure 2) to determine whether to increase or 
decrease the commutator (VCO) frequency. A late 
commutation causes the error amplifier to charge the filter 
(RC) on pin 20, increasing the VCO input while early 
commutation causes pin 20 discharge. Analog speed 
control loops can use pin 20 as a speed feedback voltage. 

The input impedance of the three PH inputs is about 8KQ 
to GND. When operating with a higher voltage motor, the 
PH inputs should be divided down in voltage so that the 
maximum voltage at any PH input does not exceed VCC. 
See ML4411 data sheet for applications. 

VCO AND PHASE DETECTOR CALtULATlONS 

The VCO should be set.sO that at the maximum frequency ; 
of operation (the running speed of the motor) the VCQ 



Figure 1. Back EMF Sensing Block Diagram. 
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0 60 120 180 240 300 0 

Figure 2. Typical Motor Phase Waveform with Back-EMF 
Superimposed (Ideal Commutation). 



Figure 4. Back EMF Phase Lock Loop Components. 

The impedance of the loop filter is 

Zrc(s)= ^ 

Qs (s + (Olac) 

where the lead and lag frequencies are set by: 


control voltage will be no higher than VCCmin - ^ V. The Wlead = 

VCO maximum frequency will be: KL 2 


Fmax = 0.05 X poles xRPM 

where POLES is the number of poles on the motor and 
RPM is the maximum motor speed in Revolutions Per 
Minute. 

The minimum VCO gain derived from the specification 
table (using the minimum Fvco at Vyco = bV) is: 

,/ 2.42x10-6 

'^VCO(MIN) =- - - 

^VCO 

Assuming that the Vvco(MAX) = 9.5V, then 

^ 9.5x2.42x10-6 

Cvco =- - - 

r/vlAX 

or 


Cvco---I^F 

POLES X RPM 

Figure 4 shows the transfer function of the Phase Lock 
Loop with the phase detector formed from the sampled 
phase through the Cm amplifier with the loop filtered 
formed by R, Cl, and C2. 



Vvco (VOLTS) 

Figure 3. VCO Output Frequency vs. Vyco 20) 


®LAG = 


Cl +C2 
RCi C2 


Requiring the loop to settle in 20 PLL cycles with a spread 
of 10 between colead = 10 x colag produces the following 
calculations for R, C-\ and C 2 : 


8.06x10-9 

CvcoxF2j-q 


C 2 = 9 X C^ 



C2XFVCO 

START-UP SEQUENCING 

When the motor is intitially at rest, it is generating no 
back-EMF. Because a back-EMF signal is required for 
closed loop commutation, the motor must be started 
"open-loop" until a velocity sufficient to generate some 
back-EMF is attained (around 100 RPM). The following 
steps are a typical procedure for starting a motor which is 
at rest. 

Step 1: The 1C is held in reset (state R) with full power 
applied to the windings (see figure 6). This aligns the rotor 
to a position which is 30° (electrical) before the center of 
the first commutation state. 

Step 2: Reset is released, and a fixed current is input to 
pin 21 and appears as a current on pin 20, and will ramp 
the VCO input voltage, accelerating the motor at a fixed 
rate. 

Step 3: When the motor speed reaches about 100 RPM, 
the back EMF loop can be closed by pulling pin 18 high. 
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-^-1 

■ 

STATE 

OUTPUTS 

INPUT 

SAMPLING 

N1 

N2 

m 

PNP1 

PNP2 

PNP3 

R or 0 

OFF 

ON 

OFF 

ON 

OFF 

ON 

N/A 

A 

OFF 

OFF 

ON 

ON 

OFF 

OFF 

PH2 

■ ■ ^ 

OFF 

OFF 

ON 

OFF 

ON 

OFF 

PHI 

C 

ON 

OFF 

OFF 

OFF 

ON 

OFF 

PH3 

D 

ON 

OFF 

OFF 

OFF 

OFF 

ON 

PH2 

E 

OFF 

ON 

OFF 

OFF 

OFF 

ON 

PH1 

F 

OFF 

ON 

OFF 

ON 

OFF 

OFF 

PH3 


Table 1. Commutation States. 


RESET 



Figure 5. Commutation Timing and Sequencing. 



Step 

Pin 

16 

Pin 

18 

Pin 

21 

l(LIMIT) 

l(CMP) 

1 

0 

0 

Fixed 

•max 

2 

1 

0 

Fixed 

•max 

3 

1 

1 

0 

Imax 


Table 2. start-up Sequence. 


Figure b. Typical Start-up Sequence. 

Using this technique, some reverse rotation is possible. 
The maximum amount of reverse rotation is 360/N, where 
N is the number of poles. For an 8 pole motor, 45° reverse 
rotation is possible. 
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ADJUSTING OPEN LOOP STEP RATE 

•ramp sliould be set so that the VCO's frequency ramp 
during "open loop stepping" phase of motor starting is less 
than the motor's acceleration rate. In other words, the 
motor must be able to keep up with the VCO's ramp rate 
in open loop stepping mode. The VCO's input voltage 
(VpiN 20 ) fate Is given by: 

dVyco Iramp 
dt Cl + C 2 


since 

fvco = Kvco X Vvco 


,/ 4x10-6 

I^VCO(MAX) ^ -7:- 

Cvco 

then combining the 3 equations Iramp can be calculated 
from the desired maximum open loop stepping rate the 
motor can follow. 


3. Compute a correction factor to adjust Iramp current 
by changing the PWM duty cycle from the Micro 
(D.C.) 


D.C.(NEW) = 50%x 


AFVco (DESIRED) 
AFvco(MEASURED) 


4. Use new computed duty cycle for open loop 
stepping mode and proceed with a normal start-up 
sequence. 

If this auto calibration is used ENABLE E/A can be tied 
permanently high, eliminating a line from the Micro. 

Since there is offset associated with the Phase Detector 
Error Amp (E/A), more current than is being injected by 
Iramp ff^^y be taken out of pin 20 if the offset is positive 
(into pin 20) if the error amp were enabled during the 
open loop stepping mode. In that case, Vvco would not 
rise and the motor would not step properly. The effect of 
E/A offset can also be canceled out by the auto calibration 
algorithm described above allowing the E/A to be 
permanently enabled. 


Iramp 

dt 4x10-6 

The motor will start more consistently and tolerate a wider 
variation in open loop step rate if there is some damping 
on the motor (such as head drag) during the open loop 
modes. 

The tolerance of the open loop step VCO acceleration 

j depends on the tolerances of KvcO/ IramP/ Cl, 

C2, and Cvco- Fof more optimum spin up times, these 
variables can be digitally "calibrated" out by the 
microprocessor using the following procedure: 

1. Reset the 1C by holding pin 16 low for at least Sjas. 

2. Go into open loop step mode with no current on 
the motor and measure the difference between the 
first two complete VCO periods with the PWM signal 
at 50% duty cycle: 

ENABLE E/A = (see below) 
l(CMD) = OV 
PWM OUT = 50% 


dFyco 

dt 


MicroP 


ML4410 


0 -Wr-Q 


?-? 


Figure 7. Auto-Calibration of Open-Loop Step Rate. 


PWM AND LINEAR CURRENT CONTROL 

To facilitate speed control, the ML4410 includes two 
current control loops — linear and PWM (figure 9). The 
linear control loop senses the motor current on the 
l(SENSE) terminal through Rsense- An internal current 
sense amplifier's (A2) output modulates the gates of the 3 
N-channel MOSFET's when OTA OUT is tied to OTA IN, 
or can modulate a single MOSFET gate tied to OTA OUT. 
When operated in this mode, OTA IN is tied to 12V, and 
N1-N3 are saturated switches. This method produces the 
lowest current ripple at the expense of an extra MOSFET. 

The linear current control modulates the gates of the 
external MOSFET drivers. Amplifier A2 is a 
transconductance amplifier which amplifies the difference 
between l(CMD) and l(SENSE). The transconductance gain 
of A2 is: 

gm =1.875x10-4 U 

The current loop is compensated by Cqta which forms a 
pole given by 


Cota 

This time constant should be fast enough so that the 
current loop settles in less than 10% of Tyco 
highest motor speed to avoid torque ripple to Vth 
mismatch of the N-Channel MOSFETs, or use a separate 
MOSFET in series with N1-N3 with a lower time constant. 

The ML4410 also Includes a current mode constant off- 
time PWM circuit. When motor current builds to the 
threshold set on l(LIMIT) input (pin 27), a one-shot is fired 
whose timing is set by Cqs- The current in the motor will 
be controlled by the lower of pin 27 and pin 28. 
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The l(SENSE) input pin should be kept below 1V. If 
l(SENSE) goes above IV, a bias Current of about-300|xA 
will flow out of pin 12 and the N outputs will be 
inhibited. Bringing l(SENSE) below .7V removes the bias 
current to its normal level. For this reason, the noise filter 
resistor on the l(SENSE) pin (1 KQ on Figute 11) should be 
less than 1.5 KH. 

The noise filter time constant should be less than Ips to 
avoid excessive phase shift in the l(SENSE) signal. 



C(OS) 

Figure 8. I(LIMIT) Output Off-Time vs. Cqs* 


OUTPUT DRIVERS 

The motor's source transistor drivers are open-collector 
NPN's with internal 50K11 pull-up resistors, whose current 
is controlled according to the current demanded through 
the motor. To conserve power, the ML4410 sets the 
current to PNP1, PNP2, and PNP3, proportional to the 
lower of pin 27 and pin 28. 

Drivers N1 through N3 are totem-pole outputs capable of 
sourcing and sinking 10mA. Switching noise in the 
external MOSFETs can be reduced by adding resistance in 
series with the gates. 

BRAKING 

Applying a 0 on pin 26 activates the braking circuit. The 
brake circuit turns on PNP1 through PNP3 and turns off 
NPNl and NPN3. 



Figure 9. Current Control, Output Drive and Braking Circuits. 
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APPLICATIONS 
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APPLICATIONS (Continued) 




Symbol 

Value 

R4 

100KQ 

R5 

50KQ 

R6 

50KQ 

C1 

3.3//F 

C2 

3.3//F 

C3 

.47//F 


Symbol 

Value 

A1 

LM358 

Q1 

74HC14 

D1, D2 

1N4148 

R1 

1MQ 

R2 

1MO 

R3 

100KQ 


Figure 12. Analog Start-up Circuit. Figure 13. Analog Speed Control. 


Figure 11 shows a typical application of the ML4410 in a 
hard disk drive spindle control. Although the timing 
necessary to start the motor in rnost applications would be 
generated by a microcontroller, Figure 12 shows a simple 
''one-shot" start-up timing approach. 

Speed control can be accomplished either by: 

1. Sensing the VCO OUT frequency with a 
Microcontroller and adjusting l(CMD) via an analog 
output from the Micro (PWM DACj. 

2. Using analog circuitry for speed control (Figure 13). 

OUTPUT STAGE HINTS 

Q1, Q2, and Q3 are MJE210 or equivalent. Q4, Q5, and 
Q6 are IRFU010 or equivalent. Base resistors (1OOH) are 
included to reduce power dissipation in the 1C during 
start-up. If requested currents are low, these can be 
eliminated. Switching transients due to commutation can 
be reduced by increasing the 470^2 gate resistors on 
Q4-Q6. 

Since the output section in a full bridge application 
consists of three half-FI switches, cross-conduction can 
occur. Cross-conduction is the condition where an N-FET 
and PNP in the same phase of the bridge conduct 
simultaneously. This could happen under two conditions 
(see figure 14): 


1. When transitioning from mode 0 to mode A (see table 
T) or from braking to mode R, a PNP goes from on to 
off at the same time N goes from off to on in the same 
phase. If the PNP turns off slowly and N turns on 
quickly, cross-conduction may occur. This condition 
has been prevented inside the 1C on later revisions of 
the ML4410. Consult your Micro Linear representative 
for date code information. On earlier revision parts, 
forcing the PNP to turn off more quickly than the NPN 
turns on will minimize the cross-conduction current. 

2. When the MOSFET (or PNP) in the same phase 
switches on gate current flows due to capacative 
coupling of current through the FET's drain to gate 
capacitance (or PNP's Miller Capacitance). This could 
cause the device that was off to be turned on. 

In Condition 2 above, the PNP is pulled up inside the 
ML4410 with a SOKQ resistor. If the current through C(CB) 
is greater than 0.7V ^ 50K when the N-FET turns on, the 
PNP could turn on simultaneously, causing cross¬ 
conduction. Adding R1 as shown in figure 14 eliminates 
this. The size of R1 will depend on the fall time of the 
phase voltage, and the size of the C(CB). 
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APPLICATIONS (Continued) 


VCC2 



Figure 14. Causes of Cross-conduction, 

Adding a series damping resistor to the N-FET gate (RGn) 
will slow the fall time. The damping resistor should be 
low enough to: 

Avoid turning on the N-Channel gate when the PNP 
turns on via the same mechanism outlined in condition 
2 above 

Not severely increase the switching losses in the N-FET 

In higher power applications, when large MOSFETs are 
used, the N-Output can be pulled below GND, causing 
the internal substrate diode (Dint) to conduct. The 
negative substrate current should be limited to less than 
2mA, which can be done by adding D1 as shown in figure 
14. D1 prevents the gate from going below 0.7V, limiting 
the substrate current to: 

VbE(DI) -VBE(Dint) 

RG(N) 


ORDERING INFORMATION 


PART NUMBER 

TEMPERATURE RANGE 

PACKAGE 

ML4410CQ 

0°C to -e70°C 

28-Pin Molded RCC (Q28) 
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Sensorless Spindle Motor Controller 


GENERAL DESCRIPTION 

The ML4411 provides complete commutation for delta or 
wye wound Brushless DC (BLDC) motors without the need 
for signals from Hall Effect sensors. This 1C senses the back 
EMF of the 3 motor windings (no neutral required) to 
determine the proper commutation phase angle using 
phase lock loop techniques. This technique will commutate 
virtually any 3-phase BLDC motor and is insensitive to 
PWM noise and motor snubbing. The ML4411 is architec¬ 
turally similar to the ML4410 but with improved braking 
and brown-out recovery circuitry. 

Included in the ML4411 is the circuitry necessary for a Hard 
Disk Drive microcontroller driven control loop. The 
ML4411 controls motor current with either a constant off- 
time PWM or linear current control driven by the 
microcontroller. Speed feedback for the micro is a stable 
digital frequency equal to the commutation frequency of 
the motor. All commutation is performed by the ML4411. 
Braking and Power Fail are also included in the ML4411. 

The timing of the start-up sequencing is determined by the 
micro, allowing the system to be optimized for a wide 
range of motors and inertial loads. 


The ML4411 modulates the gates of external N-Channel 

power MOSFETS to regulate the motor current. The 1C 

drives P-Channel MOSFETS directly. 

FEATURES 

■ Back-EMF Commutation Provides Maximum Torque for 
Minimum "Spin-Up" time for Spindle Motors. 

■ Accurate, Jitter-Free Phase Locked Motor Speed Feed¬ 
back Output 

■ Linear or PWM Motor Current Control 

■ Easy Microcontroller Interface for Optimized Start-up 
Sequencing and Speed Control 

■ Power Fail Detect Circuit with Delayed Braking 

■ Drives External N-Channel FETs and P-Channel FETs 

■ Back-EMF comparator detects motor rotation after 
power fail for fast re-lock after brownout. 

■ Improved version of ML4410 
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PIN CONFIGURATION 


ML4411 

28-Pin SOIC (S28W) 


GND 

[X 

1 

28 

x 

l(CMD) 

PI 

[T 

2 

27 

X 

l(LIMIT) 

P2 

DC 

3 

26 

X 

BRAKE 

VCC2 

CD 

4 

25 

X 

VCC 

P3 

CD 

5 

24 

X 

PH3 

^ OTA 

CD 

6 

23 

X 

PH2 

C(BRK) 

d 

7 

22 

X 

PHI 

DIS PWR 

□: 

8 

21 

X 

l(RAMP) 

N1 

CD 

9 

20 

X 

RC 

N2 

CD 

10 

19 

X 

+5V 

N3 

CD 

11 

18 

X 

ENABLE E/A 

l(SENSE) 

□: 

12 

17 

X 

PWR FAIL 

C 

□: 

13 

16 

X 

reX" 

os 

c 

CD 

14 

15 

X 

VCO/TACH OUT 

VCO 







TOP VIEW 


PIN DESCRIPTION 


PIN# NAME 

1 GND 

2 PI 

3 P2 

4 VCC2 

5 P3 

6 Cota 

7 C(BRK) 

8 DIS PWR 

9-11 

12 l(SENSE) 

13 Cos 

14 Cvco 


FUNCTION _ 

Signal and Power Ground 

Drives the external P-Channel transistor 
driving motor PHI 

Drives the external P-Channel transistor 
driving motor PH2 

12V power and power for the braking 
function , 

Drives the external P-Channel transistor 
driving motor PH3 

Compensation capacitor for linear motor 
current amplifier loop 

Capacitor which stores energy to charge 
N-Channel MOSFETS for braking with 
power off. 

A logic 0 on this pin turns off the N and P 
outputs and causes the TACH compara¬ 
tor output to appear on TACH OUT. 

N1, N2, N3 Drives the external N- 
channel MOSFETs for PHI, PH2, PH3 

Motor current sense input 

Timing capacitor for fixed off-time PWM 
current control 

Timing capacitor for VCO. 


PIN# NAME 

FUNCTION 

15 VCOAACH 

Logic Output from VCO or TACH 

OUT 

comparator. 

16 RESET 

Input which holds the VCO off and sets 
the 1C to the RESET condition. 

1 7 PWR FAIL 

A "0” output indicates 5V or 12V is under¬ 
voltage. This is an open collector output 
with a 4.5KW pull-up to +5V. 

18 ENABLE E/A 

A "1" logic input enables the error 
amplifier and closes the back-EMF 
feedback loop 

19+5V 

5V power supply input 

20 RC 

VCO loop filter components 

21 l(RAMP) 

Current into this pin sets the initial 
acceleration rate of the VCO during start¬ 


up 

22 PHI 

Motor Terminal 1 

23 PH2 

Motor Terminal 2 

24 PH3 

Motor Terminal 3 

25 VCC 

12V power supply. Terminal which is 
sensed for power fail. 

26 BRAKE 

A "0" activates the braking circuit 

27 l(LIMIT) 

Sets the threshold for the PWM compara¬ 
tor 

28I(CMD) 

Current Command for Linear Current 


amplifier 
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ABSOLUTE MAXIMUM RATINGS 

Absolute maximum ratings are those values beyond which 
the device could be permanently damaged. Absolute 
maximum ratings are stress ratings only and functional 
device operation is not implied. 


Supply Voltage (pins 4, 25).. 14V 

Output Current (pins 2,3,5,9,10,11)... ±150mA 

Logic Inputs (pins 16,1 7,18,26)..... -0.3 to 7V 

Junction temperature,..... 150°C 

Storage Temperature Range.. -65°C to 150°C 

Lead Temperature (Soldering 10 sec.) .... 150°C 

Thermal Resistance (0 ja) ... 60°C/W 


OPERATING CONDITIONS 


Temperature Range. 0°C to 70°C 

VCC Voltage +1 2 V (pin 25)...... 12 V± 1 0% 

+5V(pin 19)..:... 5V+10% 

l(RAMP) current (pin 21). OtolOOpA 

I Control Voltage Range (pins 27,28). OV to 7V 


ELECTRICAL CHARACTERISTICS 

Unless otherwis#specified, TA=Operating Temperature Range, VCC=VCC2=12V, Rsense-T^, Cota=Cvco= -01 pF, Cos= •02pF 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Oscillator (VCO) section Vpiisn6=5V 

Frequency vs. Vpiisj 2 o 

1V < Vp|N20<.10V 


300 


hz/V 

Frequency 

Vvco = 

1450 

1800 

2150 

hz 

Vvco = •5V 

70 

140 

210 

hz 

Reset Voltage at Cvco 

Mode = 0 


125 

250 

mV 


Sampling Amplifier (note 1) 


Vrc 

Stale R 


T25 

250 

mV 

Irc 

VpiNi 8 = 0 V, RRAMP=39Kn 

70 

100 

130 

JlA 


VpiNi8~5V, State A, VpH 2 “ 4 V, 

30 

50 

70 

P-A 


VpiNi8“5V,State A, Vppi 2 = 6 V 

-13 

' ■ 2 7'' 

13 . 

^ pA 


VpiNi 8“5V,State A, Vppi2~0V 

-30 

-50 

-70 

pA 

Vp|N 21 

RpiN 2 i “ 39KL2 to +5V 

1.0 

1.1 

1.20 

V 


Motor Current Control Section 


l(SENSE)Gain ' ' 

VpiN27-5V, 0V< VpiN28 < 2.5V 

4.5 ; 

5 

5.5 

v/v 

One Shot off time 


: 12" 

25 . . 

33 

pS 

l(GMD) Transconductance Gain 



.19 


mmho 

l(CMD), l(LIM) Bias Current 

V,N=0 

0 

-100 

-400 

nA 


Power Fail Detection Circuit 


12V Threshold 


9.1 

9.8 

10.5 

V 

FHysteresis 



150 


mV 

5V Threshold 


3.8 

4.25 ' 

4.5 

V 

Hysteresis * 



70 , 


mV 


Logic Inputs 


Voltage High (V|h) : 


2 



V 

Voltage Low (V|l) 




.8 

V 

Current High (1 |h) 

V,n=2.7V 

-10 

1 

10 

pA 

Current Low (1 |l) 

V|n=0.4V 

-500 

-350 

:200 

pA 


Braking Circuit Vp||sji7=0V 


Brake Active Threshold 


0.8 

1.2 

1.6 

V 

PIN 26 Bias Current 

VpiN26 - OV 


0.3 

. 1 

pA 

N-Channel Leakage 

VCC,VCC2=0V 

Vp,ni7=0V,Vn=4V 

0 

.06 . 

10 

nA 

C(BRK) Current 

VCC,VCC2 = OV, VpiN26 = 3V 

Vp|N7= 6V 


20 

85 

pA 
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ELECTRICAL CHARACTERISTICS (continued) 


Unless otherwise specified, TA=Operating Temperature Range, VCC=VCC2=12V, Rsense'^I^/ Qta^Cvco'^ .01 pF, Cqs = •02pF 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Outputs l(CMD) = l(LIMIT) = 2.5V 

Ip low 

Vp = 0.8V 

5 

7 

19.5 

mA 

Vp = 0.4V 

2 

4 


mA 

V p high 

Ip =-10pA 

VCC2 - 0.4 



■ 'V 







Vn high 

Vp|N12 = 0V 

VCC-3.2 

10 

VCC-1.2 

V 

_o 

z 

> 

In = 1 mA 


0.2 

0.7 

V 

LOGIC low (Vol) 

louT=0-4mA 



0.5 

V 

VCO/TACH VoH 

Iout"100|iA 

2.4 



V 

POWER FAIL VoH 

Iout=-10|iA 

VpiNi9-0-2 

< 

-O 

Z 

p 

VpiN19 

V 


Supply Currents (N and P outputs open) 


5V Current 



3 

4 

mA 

VCC Current 



38 

50 

mA 

VCC2 Current 



2 

3 

mA 


Note 1. For explanation of states, see Figure 5 and Table 1. 


FUNCTIONAL DESCRIPTION 

The ML4411 provides closed-loop commutation for 3-phase 
brushless motors. To accomplish this task, a VCO, Integrat¬ 
ing Back-EMF Sampling error amplifier and sequencer form 
a phase-locked loop, locking the VCO to the back-emf of 
the motor. The 1C also contains circuitry to control motor 
current with either linear or constant off-time PWM modes. 
Braking and power fail detection functions are also pro¬ 
vided on chip. The ML4411 is designed to drive external 
power transistors (N-channel sinking transistors and P- 
Channel sourcing transistors) directly. 

Start-up sequencing and motor speed control are accom¬ 
plished by a microcontroller. Speed sensing is accom¬ 
plished by monitoring the output of the VCO, ,which will be 
a signal which is phased-locked to the commutation 
frequency of the motor. 



BACK-EMF SENSING AND COMMUTATOR 

The ML4411 contains a patented back-emf sensing circuit 
which samples the phase which is not energized (Shaded 
area in fig. 2 below) to determine whether to increase or 
decrease the commutator (VCO) frequency. A late com¬ 
mutation causes the error amplifier to charge the filter (RC) 
on pin 20, increasing the VCO input while early commuta¬ 
tion causes pin 20 to discharge. Analog speed control 
loops can use Pin 20 as a speed feedback voltage. 

The input impedance of the three PH inputs is about 8KQ 
to GND. When operating with a higher voltage motor, the 
PH inputs should be divided down in voltage so that the 
maximum voltage at any PH input does not exceed VCC. 



Figure 2. Typical motor phase waveform with Back-EMF 
Figure 1. Back EMF sensing block diagram superimposed (Ideal Commutation) 
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VCO AND PHASE DETECTOR CALCULATrONS 

The VCO should be set so that at the maximum frequency 
of operation (the running speed of the motor) the VCO 
control voltage will be no higher than. VCCmin - IV. The, 
VCO maximum frequency will be: 

Fmax = -05 X POLES XRPM 

where POLES is the number of poles on the motor and 
RPM is the maximum motor speed in Revolutions Per 
Minute. 

The minimum VCO gain derived from the specification 
table (using the minimum Fvco at Vvco=6V) is: 

^ _ 2.42 X 10'^ 

•^VCO(MIN) - -^- 

^VCO 

Assuming that the ^\/cO{K\AX) ^ 9.5V, then 


Gm=1.25 X 


SAMPLED 

PHASE 



Figure 4. Back EMF Phase Lock Loop Components 

Where the lead and lag frequencies are set by: 


1 

^LEAD - -^7^- 
K L. 2 


9.5 X 2.42 X 10'^ 


-VCO = 


^MAX 


460 


-VCO = 


POLES X RPM 


^IF 



Vvco (VOLTS) 

Figure 3. VCO Output Frequency vs. Vvco (pin20) 

Figure 4 below shows the transfer function of the Phase 
Lock Loop with the phase detector formed from the 
sampled phase through the Gm amplifier with the loop 
filtered formed by R, C-|, and C 2 . 

The impedance of the loop filter is 


Zrc(s) 


1 

Cl s 


(s + Plead) 

(s +0 )lag) 


^9lAG = 


Cl + C 2 

RCiC2 


Requiring the loop to settle in 20 PLL cycles with a spread 
of 10 between colead =10 x cOlag produces the following 
calcuiationsfor R, Cl and C 2 : 


_ 4.66x10'^ 

Cl == -—2 

Cvco ><Fvco 

C2 = 9xCi 



12.54 . 
C 2 xFvco 


START-UP SEQUENCING 

When the motor is initially at rest, it is generating no back- 
EMF. Because a back-EMF signal is required for closed loop 
commutation, the motor must be started "open-loop" until a 
velocity sufficient to generate some back-EMF is attained 
(around 100 RPM). The following steps are a typical 
procedure for starting a motor which is at rest. It is possible 
to determine if the motor is running by polling the VCO/ 
TACFI OUT pin with power disabled (Pin 8 - low). 

Step 1: The 1C is held in reset (state R) with full povyer 
applied to the windings (see fig. 6). This aligns the rotor to 
a position which is 30° (electrical) before the center of the 
first commutation state. 

Step 2: Reset is released, and a fixed current is input to pin 
21 and appears as a current on pin 20, and will ramp the 
VCO input voltage, accelerating the motor at a fixed rate. 

Step 3: When the motor speed reaches about 100 RPM, 
the back EMF loop can be closed by pulling pin 18 high. 
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STATE 

OUTPUTS 

INPUT 

SAMPLING 

N1 

N2 

N3 

PI 

P2 

P3 

R OR O 

OFF 

ON 

OFF 

ON 

OFF 

ON 

N/A 

A 

OFF 

OFF 

ON 

ON 

OFF 

OFF 

PH2 

B 

OFF 

OFF 

ON 

OFF 

ON 

OFF 

PHI 

C 

ON 

OFF 

OFF 

OFF 

ON 

OFF 

PH3 

D 

ON 

OFF 

OFF 

OFF 

OFF 

ON 

PH2' 

E 

OFF 

ON 

OFF 

OFF 

OFF 

ON 

PHI 

F 

OFF 

ON 

OFF 

ON 

OFF 

OFF 

PH3 


Tablet. Commutation States 


RESET 



VCOOUT _ 

STATE h—^ 





Figure 5. Commutation Timing and Sequencing 



Figure 6. Typical Start-up Sequence 

Using this technique, some reverse rotation is possible. The 
maximum amount of reverse rotation is 360/N, vs/here N is 
the number of poles. For an 8 pole motor, 45° reverse 
rotation is possible. 

For quick recovery following a momentary power failure, 
the following steps can be taken: 


STEP 

PIN 

16 

PIN 

18 

PIN 

21 

l(LIMIT) 

l(CMD) 

1 

0 

0 

-FIXED 

^MAX 

2 

1 

0 

FIXED 

Liax 

3 

1 

1 

0 

^MAX 


Table 2. Start-up Sequence 

Step la: The 1C is held in reset (state R) with l(CMD) low 
and DIS PWR low. The Micro Processor monitors the 
VCO/TACH OUT pin to determine if a signal is present if 
a signal is present, the frequency is determined (by 
measuring the period). If a signal is not present, proceed 
to the routine described above for starting a motor which is 
at rest. 

Step 2a: Release RESET and DIS PWR. Apply a current to 
pin 21 and monitor the VCO/TACH OUT pin for VCO 
frequency. 

Step 3a: When the VCO frequency approaches 6 X the 
motor frequency (or where the motor frequency has 
decelerated to by coasting during the time the VCO 
frequency was ramping up) the back EMF loop can be 
closed by pulling pin 18 high and motor current brought 
up with l(CMD) or l(LIMIT). 
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ADJUSTING OPEN LOOP STEP RATE 

Iramp should be set so that the VCO's frequency ramp 
during '"open loop stepping" phase of motor starting is less 
than the motor's acceleration rate. - In other words, the 
motor must be able to keep up with the VCO's ramp rate in 
open loop stepping mode. The VCO's input voltage 
(Vp|N2o) is by: 

^^VCO _ ^RAMP 

dt C, + C2 

since » 

byco ~ ^vco ^ ^vco 

4x10'^ 

*^VCO(MAX) ~ p 

'^VCO 

then combining the 3 equations Iramp be calculated 
from the desired maximum open loop stepping rate the 
motor can follow. 


3. Compute a correction factor to adjust Iramp 
■ current by changing the PWM duty cycle from the 
Micro (D.C.) 


D.C.(NEVV) = 50%X' 

4. Use new computed duty cycle for open loop 

stepping mode and proceed with a normal start-up 
sequence. 


AFyco(DESIRED) 

AFvcoI^EASURED) 


If this auto calibration is used ENABLE E/A can be tied 
permanently high, eliminating a line from the Micro. Since 
there is offset associated with the Phase Detector Error 
Amp/E/A),,more current than is being injected by Iramp 
may be taken out of pin 20 if the offset is positive (into pin 
20) if the error arnp were enabled during the open loop 
stepping mode. In that case, Vy^-Q would not rise and the 
motor would not step properly. The effect of E/A offset can 
also be canceled out by the auto calibration algorithm 
described above allowing the E/A to be permanently 
enabled. 


I ^^VCO ^VCO ^ (^1 ^ 2 ) 

dt 4X10-^ 

The motor will start more consistently and tolerate a wider 
variation in open loop step rate if there is some damping on 
the motor (such as head drag) during the open loop modes. 

The tolerance of the open loop step VCO acceleration 

I bFyco I depends on the tolerances of Ky(;^Q , IraMP ' 

I, dt ) 

C2. and Cy( 3 Q . For more optimum spin up times, these 
variables can be digitally "calibrated" out by the micropro¬ 
cessor using the following procedure: 

1. Reset the 1C by holding pin 16 low for at least 5pS. 

2. Go into open loop step mode with no current on 
the motor ^nd measure the difference between the 
first two complete VCO periods with the PWM 
signal at 50% duty cycle: 

ENABLE E/A= (see below) 
l(CMD) = 0V 
PWM OUT=50% 



Figure 7. Auto-Calibration of open-loop step rate 


, 1.875 X 10'^ 

Av=- 7 :- 

S^OTA 

PWM AND LINEAR CURRENt CONTROL 

To facilitate speed control, the ML44n includes two 
current control loops - linear and PWM (fig. 9). The linear 
control loop senses the motor current on the l(SENSE) 
terminal through Rsense • An internal current sense 
amplifier's (A2) output modulates the gates of the 3 N- 
channel MOSFET's. 

The ML4411 also includes a current mode constant off-time 
PWM^circuit. When motor current builds to th6 threshold 
set on l(LIMIT) input (pin 27), a one-shot is fired whose 
timing is set by Cqs* The current in the motor will be; 
controlled by the lower of pin 27 and pin 28. 

The linear currrent control modulates the gates of the 
external MOSFET drivers. Amplifier A2 is a transconduc¬ 
tance amplifier which amplifies the difference between 
l(CMD) and l(SENSE). the transconductance gain of A2 is: 

= 1.875 X 10-4 13 

The current loop is compensated by Cqta which forms a 
pole given by 

9.375 X 

(Op =-—^- 

Cota . 

This time constant should be fast enough so that the current 
loop settles in less, than 10% of Tyco at the highest motor 
speed to avoid torque ripple to Vjh mismatch of the N- 
Channel MOSFETs. 

The l(SENSE) input pin should be kept below IV. If l(SENSE) 
goes above IV, a bias current of about -300pA will flow out 
of pin 12 and the N outputs will be inhibited. Bringing 
l(SENSE) below .7V returns the bias current to its normal 
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level. For this reason, the noise filter resistor on the 
l(SENSE) pin (1 KQ on Figure 10) should be less than 1.5KQ. 

The noise filter time constant should be great enough to 
filter the leading edge current spike when the N-FETs turn 
on but small enough to avoid excessive phase shift in the 
l(SENSE) signal. 

OUTPUT DRIVERS 

The motor's source drivers (PI thru P3) are open-collector 
NPN's with internal 16KQ pull-up resistors. 

Drivers N1 through N3 are totem-pole outputs capable of 
sourcing and sinking 10mA. Switching noise in the external 
MOSFETs can be reduced by adding resistance in series 
with the gates. 

BRAKING 

As shown in figure 9, the braking circuit pulls the N-Channel 
MOSFET gates high when BRAKE falls below a 1.4V 
threshold. After a power failure, C(DLY) is discharged 
slowly through R(DLY) providing a delay for retract to occur 
before the braking circuit is activated. The N-Channel 
buffer (B1) tri-states when the BRAKE pin reaches 2.1V to 
ensure that no charge from C(BRK) is lost through the pull¬ 
down transistor in B1. To brake the motor with external 
signals, first disable power by pulling pin 8 low, then pull 



C(OS) 

Figure 8. I (LIMIT) output off-time vs. Cqs 


pin 26 below 1.4V using an open drain (or diode isolated) 
output. 

The bias current for the Braking circuits comes from VCC2. 
When the N-Channel MOSFETs turn on, no additional 
power is generated for VCC2 (motor back-EMF recitified 
throught the MOSFET body diodes). After VCC2 drops 
below 4V, Q2 turns off. Continued braking relies on the 
Cgs of the N-Channel MOSFETs to sustain the MOSFET 
gate enhancement voltage. 



Figure 9. PWM and Linear Current Control, Gate Drive and Braking Circuits 
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APPLICATIONS 

Figure 10 shows a typicaFapplication of the ML4411 in a 
hard disk drive spindle control. Although the timing , 
necessary to start the motor in most applications would be 
generated by a microcontroller, Fig. 11 shows a simple "one 
shot" start-up timing approach. 

Speed control can be accomplished either by: 

1. Sensing the VCO OUT frequency with a Microcontroller 
and adjusting l(CMD) via an analog output from the Micro 
(PWMDAC). 

2. Using analog circuitry for speed control. (Fig. 12). 


OUTPUT STAGE HINTS^^ ^ 

In the circuit in Figure 10, Q1, ,Q2, and Q3 are IRFR9024 or 
equivalent. Q4, Q5, and Qb are IRFR024 or equivalent. 
New MOSFET packaging technology such as the Little 
Foot® series may decrease the PC board space. These 
packages, however have much lower thermal enertia and 
dissipation capabilities than the larger packages; and care , 
should be taken not to exceed their rated current and 
junction temperature. 

Since the output section in a full bridge application consists 
of three half-H switches, cross-conduction can occur 
Gross-conduction is the condition where an N-FET and 



Figure 10. ML4411 Typical Application 
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+5V 



Figure 11. Analog Start-up Circuit 



SYMBOL 

VALUE 

SYMBOL 

VALUE 

A1 

LM358 

R4 

lOOKQ 

ICl 

74HC14 

R5 

SOKCi 

Dl, D2 

1N4148 

R6 

50KQ 

R1 

1MQ 

Cl 

3.3 uF 

R2 

^MQ. 

C2 

3.3 uF 

R3 

lOOKQ 

C3 

.47 pF 


Figure 12. Analog Speed Control 


P-FET in the same phase of the bridge conduct simulta¬ 
neously. This could happen under two conditions (see 
figure 13): 

1. When transitioning from mode 0 to mode A (see table 
1) P3 goes from on to off at the same time N3 goes 
from off to on. If P3 turns off slowly and N3 turns on 
quickly, cross-conduction may occur. This condition 
has been prevented inside the 1C on later revisions of 
the ML4411. Consult your Micro Linear representative 
for date code information. On earlier revision parts, 
forcing P3 to turn off quickly will minimize the cross¬ 
conduction current. 

2. When the a MOSFET in the same phase switches on 
gate current flows due to capacative coupling of 
current through the MOSFET's drain to gate capaci¬ 
tance. This could cause the MOSFET that was off to be 
turned on. 


In Condition 2 above, the P-Channel MOSFET is pulled up 
inside the ML4411 with a 1 bKH resistor. If the current 
through C(DGp) is greater than Vth 1 6K when the N-FET 
turns on, the P-FET could turn on simultaneously, causing 
cross-conduction. Adding R1 as shown in fig. 13 eliminates 
this. The size of R1 will depend on the fall time of the 
phase voltage, and the size of the C(DCp). D1 may be 
needed for high power applications to limit the negative 
current pulled (through C(DGn)) out of the substrate diode 
in the ML4411 when P-FET turns off. 


VCC2 


□-i—AA/V- 


C(DGp) 


IT 


C(DGn) 

□—wv— 4 — 


RG(N) 


H 

h p 


T Dl 


H 


Figure 13. Causes of Cross-conduction 

Adding a series damping resistor to the N-FET gate (RGn) 
will slow the fall time. The damping resistor should be low 
enough to: 

Avoid turning on the N-Channel gate when the P-Channel 
turns on via the same mechanism outlined in condition 2 
above 

Not severely increase the switching losses in the N-FET 

UNIPOLAR OPERATION 

Unipolar mode offers the potential advantage of lower 
motor drive cost by only requiring the use of 3 transistors to 
drive the motor. The ML4411 will operate in unipolar 
mode (fig. 14) provided the following precautions are 
taken: 

1. The 1C supplies should not exceed 12V+10%. 

2. The phase pins on the 1C should not exceed the supply 
voltage. 

In unipolar operation, the motor's windings must be 
allowed to drive freely to: 

'^4)(MAX) = V5(jpply(MAX) ■^'^EMF(MAX) 

Therefore, there can be no diodes to clamp the inductive 
energy to Vsupply. This energy must be clamped, however, 
to avoid an over-voltage condition on the MOSFETs and 
other components. Typically, a V(CLAMP) voltage is 
created to provide the clamping voltage. The inductive 
energy may either be dissipated (fig 15) or alternately 
efficiently regenerated back to the system supply (fig 16). 

The circuit in Figure 14 is designed to minimize the external 
components necessary, at some compromise to perfor¬ 
mance. The 3 resistors from the motor phase windings to 
the PH inputs work with the ML4411 's 8KQ internal 
resistance to ground to divide the motor's phase voltage 
down, providing input signals that do not exceed 12V. 
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8/8/92 

Figure 14. ML4411 Unipolar Drive Application 


This circuit uses analog speed regulation. The 1 hAQ. resistor 
from pin 20 to the speed regulation op amp provides the 
function of injecting current into the VCO loop filter for the 
open loop stepping phase of start-up operation. The "one 
shot" circuitry to time the reset is replaced by a diode and 
RC delay from the rising edge or the POWERFAIL signal. 

The error amplifier is left enabled continuously since at low 
speeds its current contribution is negligable. The current 
injected into the loop filter must be greater than the leakage 
current from the phase detector amplifier for the motor to 
start reliably.. 




Figure 16. Non-Dissipative Clamping Technique 


-f-v 



Figure 17. Fiigh Voltage Translation using PNP Power 
Transistor 
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HIGHER VOLTAGE MOTOR DRIVE 

To drive a higher voltage motor, the same precautions 
regarding ML4411 voltage limitations as were outlined for 
Unipolar drive above should be followed. Figs. 1 7-19 
provide several methods of translating the ML4411 's. P 
outputs to drive a higher voltage. 


+V 



Figure 18. High Voltage Translation using "Composite" 
PNP Power Transistor 



Figure 19. High Voltage Translation with NPN Darlington 


ORDERING INFORMATION 


PART 

TEMPERATURE 


NUMBER 

RANGE 

PACKAGE 

ML4411CS 

OX to +70X 

28-PIN SOIC (S28W) 
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November 1990 
PRELIMINARY 

ML4415, 

ML44T6, 

15 Channel Read/Write Circuit 

GENEPiAL DESCRIPTION FEATURES 

The ML4415, ML4416 devices are bipolar monolithic ■ Write current disable during power up 

read/write circuits designed for use with fixed disk ■ Enhanced write current stability 

ferrite center-tapped recording heads. They provide a ■ Designed for Center-tapped ferrite heads 

low noise read path, write current control, and data , ML4415 provides 15 read/write channels 

protection circuitry for all channels. , ;^L4416 - easily multiplexed for larger systems 

These multiplexed read/write data channels exhibit ■ Includes write unsafe detection 

features not found in similar read/write circuits such as ■ TTL compatible control signals 

improved write current stability and elimination of ■ Programmable write current Source 

write current "glitches" during power up. ■+5V,+12V power supplies 

The ML4416 has fourteen read/write data channels and 
a chip select pin. The chip select pin allows additional 
read/write circuits in the system by enabling or 
disabling a particular chip. The ML4415 has fifteen 
read/write data channels and no chip select pin. 

The ML4415R and ML4416R versions include on-chip 
damping resistors. 


ML4415R 

ML4416R 


Micro Linear 


BLOCK DIAGRAM 


in 


WRITE 

UNSAFE 

DETECTOR 



_LJ 

MODE 

SELECT 


1 


VOLTAGE 

FAULT 

DETECTOR 


♦ ML4416 ONLY 
** ML4415 ONLY 
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ML4415, ML4415R, ML4416, ML4416R 


PIN CONNECTIONS 

ML4415CQ, ML4415RCQ 
44-Pin PCC 


ML4416CQ, ML4416RCQ 
44-Pin PCC 



H4X H3X H2X H1X HOX 
H4Y I H3Y I H2Y I H1Y I HOY | GND 



PIN DESCRIPTION 


NAME 

FUNCTION 

HS0-HS3 

Head Select (14 heads for the ML4416, 
and 15 heads for ML4415). 


Chip Select (low level enables, ML4416 
only) 

R/W 

Read/Write (high level select Read 
Mode) 

WUS 

Write Unsafe, open collector output 
(high level indicates an unsafe writing 
condition) 

WDI 

Write Data In (negative transition 
toggles head current direction) 


NAME FUNCTION 

H0X-H14X X head connections 
H0Y-H14Y Y head connections 
RDX, RDY X, Y Read Data (differential read signal out) 

WC Write Current (used to set the write 

current magnitude) 

VcT Voltage Center Tap (center tap voltage 

source) 

Vcc volts 

^DD ■'■^2 volts 

GND Ground 


Micro Linear 
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ABSOLUTE MAXIMUM RATI NGS 

(Note 1) , - . 

Power Supply Voltage Range 

VqqI .... —0.3 to 14V|3(; 

Vpq 2 ... -^0.3 to 14Vp(3 

Vcc ..... -0.3 to 6Voc 

Input Voltage Range _ 

Digital Inputs (CS, R/\N, HS, WDI) ... -0.3 to Vqc +0.3 Vdc 

Head Ports ..... -0.3 to Vdq1 +0.3Vdc 

Write Unsafe (WUS) .... -0,3 to 14 Vdc 

Write Current (I w) .... 60 mA 

Output Current 

Read Data (RDX, RDY) ... -10mA 

Center Tap Current (Icj) ...... - 60mA 

Write.Unsafe(WUS) .... ... 12mA 

Storage Temperature ... -65°Cto150°C 

Junction Temperature (Tj) . .135°C 

Lead Temperature (Soldering 10 sec.) .... 300°C 


OPERATING CONDITIONS 


Supply Voltage 

Vdd 1 .... 12V±107o 

Vcc ..... 5V±107o 

Head Inductance 

Lh ..... 5 to 15/t/H 

Damping Resistor (Rp, ML4415R or ML4416R) .. 500 to 2000Q 

RCTResistor(1/4 Watt) ............. . . . . .. U0Q±5% 

Write Current (Iw) .. ., IQ to 40 mA 


ELECTRICAL CHARACTERISTICS 

Unless otherwise specified VddI = Vdd 2 =■ 12 V ± 10%, Vcc - 5 V ± 10%. Rct= 120Q ± 5%, lw=40 mA, 0°C < Ta< 70°C 
(Notes 2 and 3). 



DC OPERATING CHARACTERISTICS 
POWER SUPPLY 


■cc 

Vcc Supply Current 

Read or Idle Mode 


31 

35 

mA 



Write Mode 


26 

30 

mA 

bo 

VpD Supply Current 

Read Mode 


29 

35 

mA 



Write Mode 


17+Iw 

20'flw 

mA , 



Idle Mode 


17 

2b 

mA 

Pd 

Power Dissipation 

Read Mode 


550 

655 

mW 



Write Mode lw=40mA, 

Rct=0Q 


890 

960 

mW 



Idle Mode 


378 

455 

mW 


DIGITAL INPUTS (CS, R/W, HS, WDI) 


V,H 

High Voltage 


2 



Vdc 

V|L 

Low Voltage 




0.8 

Vdc 

l|H 

High Current 

V|h = 2.0V 



100 

/^A 

IlL 

Low Current 

> 

00 

o 

II 

:> 

^ -0.4 



mA 


WUS OUTPUT 


VoL 

Output Low Voltage 

loL=8nriA(Saf€!) 



0.5 

Vdc 

■oh 

Output High Current 

VoH “5 V (Unsafe) 



100 

mA 


CENTER TAP VOLTAGES 


VcT 

Read Mode 

Read Mode 


4 


u 

Q 

> 

VcT 

Write Mode 

Write Mode 


6 


Vdc 
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ML4415, ML4415R, ML4416, ML4416R 


ELECTRICAL CHARACTERISTICS (Continued) 

Unless otherwise specified VqdI = 12V + 10%, Vcc = 5V + 10%, Rcr = 120n ± 5%, Iw = 35mA, Lh = 10/yH, 
Rd = 750n (ML4415, ML4416), Idata = 5MHz, Cl (RDX, RDY) < 20pF, 0°C ^ Ta < /O'C (Notes 2 and 3) 

(V|N is referenced to Vct for Read Mode Characteristics). 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

WRITE MODE CHARACTERISTICS 

•hcw 

Head Current (per side) 

Write Mode 

0<Vcc<3.7V 

0<Vdd1<8.7V 

-200 

0.15 

200 

mA 

•WR 

Write Current Range 

•w“ l^wc 

10 


40 

mA 

K 

Write Current Constant 


2.375 

2.5 

2.625 


Vhd 

Differential Head Voltage Swing 


7.0 

10.2 


VpK 

Ihu 

Unselected Head Transient 
Current 




2 

mApK 

Q)D 

Differential Output Capacitance 



8.8 

15 

pF 

Rod 

Differential Output Resistance 

ML4415, 4416 

10 k 



Q 

Tj = 25°C ML4415R, 4416R 

600 


960 

Q 

^WDl 

WDI Transition Frequency 

WUS = Low 

250 

490 


kHz 

A| 

Ivvc to Head Current Gain 



0.99 


mA/mA 

II 

Unselected Head Leakage 

Sum of X & Y Side Leakage Current 



85 

mA 

READ MODE CHARACTERISTICS 

Av 

Differential Voltage Gain 

V||si = 1 m Vp.p @ 300 kHz, 

Rl(RDX, RDY) = lkQ 

85 

106 

115 

v/v 

DR 

Dynamic Range 

DC Input Voltage (V|) Where Gain Falls 10%, 
V|N =V|-1-0.5 m Vp.p @ 300 kHz 

-3 

±7 

+3 

mV 

BW 

Bandwidth (-3dB) 

|Zsl<5Q,V,N = lmVp.p 

30 

40 


MHz 

^IN 

Input Noise Voltage 

BW=15MHz, Lh = 0, Rh=0 


1.2 

1.5 

nV/ x/Hz 

C|N 

Differential Input Capacitance 

f=5MHz 


14 

20 

pF 

Rin 

Differential Input Resistance 

f = 5MHz, Tj = 25°C ML4415, 4416 

V,N = 6myp_p ML4415R, 4416R 

2k 

15K 


Q 

460 


860 

Q 

■hcr 

Head Current (per side) 

Read or Idle Mode 

0<Vcc<5.5V 

0<Vdd1<13.2V 

-200 


200 

mA 

•in 

Input Bias Current (1 side) 



8.5 

45 

pA 

CMRR 

Common-Mode Rejection Ratio 

V(;;^=Vf^j +1(30 mV p.p @ f = 5 MHz 

50 

77 


dB 

PSRR 

Power Supply Rejection Ratio 

100 mVp.p @ 5 MHz on VqdI, \/od2, or Vcc 

45 



dB 

CS 

Channel Separation 

Unselected Channels: 

V||s| = 100mVp.p@5MHz 
and Selected Channel: 

V| N ~ 0 mV p.p 

45 

57 


dB 

Vos 

Output Offset Voltage 

Read Mode 

-460 

±29 

+460 

mV 

Write or Idle Mode 

-20 

±1 

+20 

mV 

Vqcm 

Common-Mode Output Voltage 

Read Mode 

4.5 

5.5 

6.5 

V 

Write or Idle Mode 


5.6 


V 

•^UT 

Single-Ended Output Resistance 

f=5MHz 



30 

Q 

•l 

Leakage Current, RDX, RDY 

(RDX, RDY) = 6 V Write or Idle Mode 

-100 

±15 

100 

fxA 

•o 

Output Current 

AC Coupled Load, RDX to RDY 

±2.1 

±2.7 


mA 
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ELECTRICAL CHARACTERISTICS (Continued) 

Unless otherwise specified Vdd1 = 12V ± 10%, Vee = 5V ± 10%; Rct = 120(1 ± 5%, Iw = 35mA, Lh = 10//H, 
Rd = 7500 (ML4415, ML4416), foATA = 5MHz, 0°C < Ta < 70°C (Notes 2 and 5) 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

SWITCHING CHARACTERISTICS 

tRW 

R/W to Write Switching Delay 

To 907o of Write Cu rrent Output 


.105 

1 

ps 

twR 

R/W to Read Switching Delay 

To 90% of 100mV, 10MHz Read Signal 
Envelope or to 907o Decay of 

Write Current 


.036 

1 

MS 

tiw 

or 

tlR 

CS to Select Switching Delay 

To 907o of Write Current or to 907o of 

100 mV, 10MHz Read Signal Envelope 


165 

1 

MS 

twi 

or 

tRI 

CS to Unselect Switching Delay 

To 907o Decay of 100 mV, 10MHz Read 

Signal Envelope or to 907o Decay of Write 
Current 


.084 

1 


tHS 

Head Select Switching Delay 

To 907o of 100mV, 10MHz Read Signal 
Envelope 


.045 

1 

MS 

tD1 

Safe to U nsafe 

Write Unsafe Delay 

lw = 35mA 

1.6 

3.9 

8 

us 

tD2 

Unsafe to Safe 

Write Unsafe Delay 

Ivy-35 mA 


.387 

1 

US 

tD3 

Prop. Delay Head Current 

Lh = 0, Rh = 0 From 507o points 


23 

25 

ns 


Asymmetry Head Current 

WDI has 507o Duty Cycle and 1 nS Rise/ Fall 
Time 


0.9 

" ^'2, ■ 

ns 


Rise/Fall Head Current 

107o and 907o Points 


5 

20 

ns 


Note 1: Absolute maximum ratings are limits beyond which the life ofthe integrated circuit rhay be impaired. All voltages unless otherwise 
specified are measured with respect to ground. 

Note 2: Limits are guaranteed by 100% testing, sampling, or correlation with yvorst-case test conditions. 

Note 3: Maximum junction temperature (Tj) should nOt exceed 135°C. 


TIMING DIAGRAM 



Write Mode Timing Diagram 
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ML4415, ML4415R, ML4416, ML4416R 


FUNCTIONAL DESCRIPTION 

CIRCUIT OPERATION 

For any selected head, the ML4415/4416 functions as a 
read amplifier when in the Read mode, or as a write 
current switch when in the Write mode. Pins H^, HS1 
and HS2 determine head selection while pin R/W 
controls the Read/Write mode. A detected "write- 
unsafe" condition is indicated by pin WUS. 

READ MODE 

When the ML4415, 4416 is in the Read Mode, it 
operates as a low-noise differential amplifier on the 
selected channel. In Read mode the write data flip-flop 
is set and both the write unsafe detector and the write 
current source are deactivated. The center tap voltage 
is also lowered. Pins RDX and RDY provide differential 
emitter follower outputs which are in phase with the 
X and Y head input pins. 

Note that during the Read or Chip Deselect mode the 
internal write current is deactivated, thus making 
external write current gating unnecessary. 

WRITE MODE 

The ML4415, 4416 operates as a write-current switch 
when in the Write mode. Write current magnitude is 
determined by the following relationship: 

Iw K/Rwc 

Where: K = Write Current Constant 

Rwc = Resistance connected between pin WC 
and GND. 

The head current is toggled between the X and Y side 
of the selected head by a negative transition WDI 
(Write Data Input). When switching the ML4415, 4416 to 
write mode, the WDFF (Write Data Flip-Flop) is 
initialized to pass write current through the X-side of 
the head. 

The ML4415, 4416 exhibit enhanced write current 
stability, compared to similar read/write circuits, which 
reduces the problem of oscillation. This is a result of 
increased internal write current compensation. Also, 
write current "glitches" during power-up, common in 
similar read/write circuits, are eliminated with an 
exclusive write current disabling function. 

The WUS (Write Unsafe) pin is an open collector 
output that gives a logic high level for any of the 
following unsafe write conditions: 

• Open head 

• Open head center-tap 

• Too low WDI frequency 

• Read mode selected 

• Device not selected 

• No write current 

Two negative transitions on WDI are required to clear 
WUS after the fault condition is removed. 

The ML4415, 4416 also offers a voltage fault detection 
circuit that prevents write current during power-loss or 
power-up. 


Table 1. 


Head Select 


HS3 

HS2 

HS1 

HSO 

HEAD 

0 

0 

0 

0 

HO 

0 

0 

0 

1 

HI 

0 

0 

1 

0 

H2 

0 

0 

1 

1 

H3 

0 

1 

0 

0 

H4 

0 

1 

0 

1 

H5 

0 

1 

1 

0 

H6 

0 

1 

1 

1 

H7 

1 

0 

0 

0 

H8 

1 

0 

0 

1 

H9 

1 

0 

1 

0 

H10 

1 

0 

1 

1 

H11 

1 

1 

0 

0 

H12 

1 

1 

0 

1 

H13 

1 

1 

1 

0 

H14* 


* ML4415 only 
0 = Logic Level Low 
1 = Logic Level High 
X = Don't Care 

Table 2. 


Mode Select 



R/W 

MODE 

0 

0 

Write 

0 

1 

Read 

1 

X 

Idle 


** ML4416 only 
0 = Logic Level Low 
1 = Logic Level High 
X = Don't Care 
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ML4415, ML4415R, ML4416, ML4416R 


TYPICAL APPLICATION 



( HN 

J 


NOTES: 

1. RCT is optional and is used to limit internal power dissipation 
(Otherwise connect Vopl to Vqq2). 

RCT (1/2 Watt) = 120 (40/lw) ohms 
where lyy = Write Current, in mA 

2. Ferrite head optional: used to suppress write current overshoot 
and ringing. Recommend Ferroxcube 3659065/4A6. 

3. RDX and RDY load capacitance 20pF maximum. RDX and RDY 
output current must be limited to lOOyuA. 

4. Damping resistors not required on ML4415R, 4416R. 
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ML4415, ML4415R, ML4416, ML4416R 


ORDERING INFORMATION 


PART NUMBER 

PACKAGE 

NUMBER OF CHANNELS 

ML4415CQ 

MOLDED PCC (Q44) 

15 

ML4415RCQ 

MOLDED PCC (Q44) 

15 

ML4416CQ 

MOLDED PCC (Q44) 

14 with CS 

ML4416RCQ 

MOLDED PCC (Q44) 

14 with CS 
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^ PREUMINARY 

Micro Linear ML4417/ML4427 


Zoned Bit Recording Circuit 


GENERAL DESCRIPTION 

The ML4417/27 is a bipolar monolithic integrated 
circuit that simplifies the design of zoned bit recording 
systems in hard disk drives. It contains a VCO capable 
of operating at frequencies up to 95 MHz, a charge 
pump, and the active electronics required for a loop 
filter to form a variable rate data encoding and 
decoding system. 

The ML4417/27 also includes a code clock output and 
the dividers required for an interface clock output 
whose frequency is equal to the code clock output 
frequency divided by 1.5. This feature simplifies the use 
of RLL (1, 7) coding for improved storage density. 


FEATURES 

■ Wide VCO Range (3:1 Range to 95 MHz) 

■ Allows RLL (1, 7) or (2, 7) Encoding 

■ SO-16 (Narrow) Packaging 

■ Coarse and Fine VCO Control Inputs 

■ Two Uncommitted ECL to TTL Converters 

■ 12V, 5V or Single 5V Operation 


In addition, the ML4417/27 includes two uncommitted 
ECL to TTL level translators to simplify interfacing with 
TTL-based systems. The ML4417/27 Is designed for 
operation from 12V and 5V supplies, but may be 
operated from a single 5V supply if desired. 

The ML4417 has TTL-compatible logic input levels on 
the charge pump, and the ML4427 has a charge pump 
control input, which, when driven by a CMOS tri-state 
output, eliminates one logic interface line to the 
circuit. 


BLOCK DIAGRAM 


VC2 (5 OR 12V) 


Vcc (5V) 



TTLOUTl 


mOUT2 


OSCTP (ECL) 

CODECLK (ECL) 

INTCLK (TTL) 
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ML4417, ML4427 


PIN CONNECTIONS 

ML4417, ML4427 ML4417, ML4427 

SOIC-16 (Narrow) Package PDIP-16 Package 

(Prototypes Only) 


oscfP or 

1 

16 

INTCAP (COARSE) CCE 

2 

15 

LOOPFLTR (FINE) CEE 

3 

14 

Vc2 (5 TO 12V) nr 

4 

13 

QIN2 or 

5 

12 

QIN1 CCE 

6 

11 

ECLIN2 CEE 

7 

10 

TTLOUT2 CEE 

8 

9 


CODECLK (ECL) 

ECLINI 

Vci 

CAPA 

Vcc (5V) 

GND 

INTCLK (TTL) 
TTLOUTl 


TOP VIEW 


OSCTP [ 

1 

16 

3 CODECLK (ECL) 

INTCAP (COARSE) [ 

2 

15 

] ECLINI 

LOOPFLTR (FINE) [ 

3 

14 

1 Vci 

Vc2 (5 TO 12V) [ 

4 

13 

3 CAPA 

QIN2 [ 

5 

12 

3 Vcc (5V) 

QINl [ 

6 

11 

3 GND 

ECLIN2 [ 

7 

10 

3 INTCLK (TTL) 

TTLOUT2 [ 

8 

9 

3 TTLOUTl 


TOP VIEW 


PIN DESCRIPTION 


PIN NO. 

NAME 

FUNCTION 

1 

OSCTP (ECL) 

Oscillator Test Point. An 
ECL output of the VCO 
that is useful for direct 
evaluation of the VCO 
output. 

2 

INTCAP (COARSE) 

The coarse input for the 
loop filter time constant 
setting. 

3 

LOOPFLTR (FINE) 

The fine input for loop 
filter time constant setting. 

4 

Vc2 

Analog power supply 
input, nominal 5V or 12V. 

5 

QIN2 

Increment input on the 
charge pump. This input 
is TTL-compatible on the 
ML4417. On the ML4427, 
it can be connected, 
along with pin 6, to a 
single CMOS tri-state 
output, eliminating one 
pin on the controlling 
gate array. (Active high) 

6 

QIN1 

Decrement input on the 
charge pump. (Active low) 


PIN NO. 

NAME 

FUNCTION 

15, 7 

ECLINI, 2 

ECL Inputs for ECL to 

TTL level translators. 

9, 8 

TTLOUTl, 2 

TTL outputs for ECL to 
TTL level translators. 

10 

INTCLK (TTL) 

Interface clock output. 
This output is a TTL 
output at one third of 
the VCO frequency. 

11 

GND 

Ground. 

12 

Vcc (5V) 

Logic power supply 
input, nominally 5V. 

13 

CAPA 

VCO capacitor 
connection. This 
capacitor determines the 
nominal VCO frequency. 

14 

Vci 

Vci should be 
connected to a well- 
regulated 5V ± 5% supply. 

16 

CODECLK (ECL) 

The code clock output. 
This is an ECL output at 
half the VCO frequency. 
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ML4417, ML4427 ____ 

ABSOLUTE MAXIMUM RATINGS TYPICAL OPERATING CONDITIONS 


Power Supply Voltage Range 

Vci ..••• 

Vc2 • • . 

Vcc . • .. 

Digital Inputs 

ECLIN1, 2 .. 

QIN1, 2 .. . 

Analog Inputs 

LOOPFLTR, INTCAP .. 

CAPA .. 

Digital Outputs 
TTLOUT1, 1 , OSCTf^ 
CODECLK, INTCLK . 


-0.3 to Vcc + .3 VDC 
...... -0.3 to 14 VDC 

.. -0.3 to 6 VDC 

.. -0.3 to Vcc + 0.3V 
.. -0.3 to Vcc + 0.3V 

.. -0.3 to Vc 2 + 0.3V 
. . -0.3 to Vci + 0.3V 


-0.3 to Vcc + 0.3V 


Temperature Range .. .. 0°C to +70°C 

Analog Supply Voltage (Vc 2 )* .. •• 5 or 12V 

Digital Supply Voltage (Vcc) .... 3V 

Vci .... 5V 


* This supply voltage is designed for 5V or 12V operation. This data 
sheet specifies the ML4417/4427 for 12V operation. For 5V 
specification, please contact Micro Linear. 


Absolute maximum ratings are those values beyond which the 
device could be permanently damaged. Absolute maximum ratings 
are stress ratings only and functional device operation is not 
implied. (All voltages are referenced to GND.) 


ELECTRICAL CHARACTERISTICS 

Unless otherwise specified, Vc 2 = 12V ± 10%, Vcc = 5V ± 5%, Vci = 5V + 5%, Ta = 25°C. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Power Supply 

■cc 

Vcc Supply Current*^^ 

Pin 12 


90.0 


mA 

lci 

Vci Supply Current 

Pin 14 


11.0 


mA 

IC2 

Vc 2 Supply Current 

Pin 4 


4.5 


mA 

Digital Inputs 

V|H (ECU 

High Voltage ECL Input 

Pin 15, Vcc = 5V 

4.0 



V 

V|L (ECL) 

Low Voltage ECL Input 

Pin15, Vcc = 5V 



3.6 

V 

l|H (ECL) 

High Current ECL Input 

Pin 15, Vcc = 5V 



1250 

M 

l|L (ECL) 

Low Current ECL Input 

Pin15, Vcc = 5V 

625 


1000 


Digital Outputs (ECL are Open Emitter) 

VqH (TTL) 

High Voltage TTL Output 

Iqh = —0.4mA 

TTLOUT 123 

3.75 



V 

VqL (TTL) 

Low Voltage TTL Output 

Iql ~ 1.6mA 

Pins 8, 9, 10 ' Vcc = 5V 



0.50 

V 

VqH (ECL) 

High Voltage ECL Output 

Iqh ~ -4mA 

ECL Code CLK 

4.05 

4.22 

4.30 

V 

VqL (ECL) 

Low Voltage ECL Output 

Iql = -4mA 

Pin 16, Vcc = 5V 

2.80 

3.22 

3.55 

V 


Voltage Controlled Oscillator (VCO) (Transfer Function Pin 2 to Pin 1 = 7.5MHz/Volt (g) lOpF) 


fvco 

VCO Range 

Cose ~ lOpF Pin 14 to Pin 13 
(Pin 2 = 1V to 11V, Pin 3 = 6V) 

(Pin 14 = Vcc) 


20-95 


MHz 

Charge Pump 

•q 

Charge Pump Current 

Pin 3 


±125 



Vqh 

Charge Pump Maximum Voltage 

Pin 3 


Vc2-1V 


V 

Vql 

Charge Pump Minimum Voltage 

Pin 3 


1.0 


V 

INC, DEC Inputs 

V,H 

High Voltage Input 

Pin 6, Vcc = 5V 

1.9 


Vcc 

V 

V,L 

Low Voltage Input 

Pin 6 

0 


0.8 

V 

V,H 

High Voltage Input 

Pin 5 (ML4417), Vcc = 5V 

1.9 


u 

u 

> 

V 

V,L 

Low Voltage Input 

Pin 5 (ML4417) 

0 


0.8 

V 


Note 1: This value includes current consumed in 1KQ terminating resistors from pins 1 and 16 to ground. 
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ML441;; ML4427 


ELECTRICAL CHARACTERISTICS (Continued) 

Unless otherwise specified, Vc 2 = '12V ± 10%, Vcc = 5V ± 5%, Vci = 5V + 5%, Ta = 25°C. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

INC, DEC Inputs (Continued) 

V,H 

High Voltage Input 

Pin 5 (ML4427) see figure 2, Vcc = 5V 

4.2 


5.0 

V 

V,L 

Low Voltage Input 

Pin 5 (ML4427) see figure 2, Vcc = 5V 

0 


3.1 

V 

IlH 

High Current Input 

Pin 6, V|N = 1.9V 

-5.0 


+1.0 

M 

IlL 

Low Current Input 

Pin 6, V,N = OV 

-25 


-1,9 

fjA 

l|H 

High Current Input 

Pin 5 (ML4417), V|n = 5V 

+30 


+200 


l|L 

Low Current Input 

Pin 5 (ML4417), V|n = 0 - 0.9V 

-25 


+40 

/jA 

l|H 

High Current Input 

Pin 5 (ML4427), V|n = 5V 

+1.0 


+20 

fjA 

l|L 

Low Current Input 

Pin 5 (ML4427), V,n = 3.1V 

-0.1 


+7.0 

M 


ECL Input 2 (Pin 7) at 25°C, 5MHz < f,N < 35MHz, 40% < Duty Cycle < 60% (If Unused, Pin 7 = Vcc) 


- 1 

V,H 

High Voltage Input 

Vcc = 5V 

3.0 

4.2 

5.1 

V 

V,L 

Low Voltage Input 

Vcc = 5V 

2.5 

3.4 

4.6 

V 

Va 

Voltage Swing 

V,H - V.L, Vcc = 5V 

.5 


2.0 

V 

i|N 

Input Current 

DC Bias Value 


35 


fjA 


Transconductance Amplifier 


Vrefi 

Inverting Input of Amplifier 



Vc2/2 


V 

Cm 

Transconductance 

Al (Pin 2) ^ AV (Pin 3) 


27.5 


/imho 

•sat 

Limiting Value of Output Current 

Pin 2 


±120 




Vc2 (5 OR 12V) 


Vcc (5V) 



- CODECLK (ECL) 


Figure 1. Typical Passive Component Connections 
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ML441;; ML4427 


The ML4427 version has an input on pin 5 that allows a 
single-line control interface on the charge pump. By 
connecting pins 5 and 6 together, the charge pump can 
be controlled from a single CMOS tri-state output as 
follows: HI = Increment, LO = decrement, tri-state = 
coast. The benefit is a savings of one output pin on a 
control gate array. A resistive termination to Vcc/2 is 
required to establish the logic level during tri-state, as 
shown. 


Figure 2. 

TYPICAL PERFORMANCE CHARACTERISTICS 


Cose = 20 pF 
Cose = 40pF 

0 1 2 3 4 

Vint (VOLTS) 
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Figure 4. Read Channel Using ML4417/27 ZBR Circuit with RLL (2, 7) Encoding 
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4417/4427 LOOP RESPONSE 


ML4417, ML4427 



KpLTR — To Be Derived, Units = 


Volts 

Amp 


100 % % 

Kvco ~ -- - (Cqsc “ 10pF) 

2.5V Volt ^ 
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ML44t7, ML4427 


Thus complete open loop transfer function Tol^ 

Kpp In .125*10-3 1 

Tql = "T" * K 0 * Kfltr * Kvco * Fref = ~ *-T"- * KpLTR * -— * Free 

5 b iTT 2.5 

Kfltr Free (SRiQ + 1 ) (S * 3.6 * 10^ C3 + 1) * Free 


20 * 103 


S3(Ci + C2)C3 (sRi —+ 1) * 720 * 106 



Must define desired Free, fo/ ^ 2 , Pi, then can proceed with component value determination. 

•f Tout = 36 * 10^, N = 50 (typical numbers), then Free = 720 * 10^ 

Assume: fo = 1000Hz, Z2 = 250Hz, Pi = 3000Hz, Zi = 45Hz 

1. Set Zi with C3: 

3.6 * 103 * C3 =-- — C3 =--- = .982 * 10-6 ~ 1//F 


27r * 45 * 3.6 * 10^ 


2. Set -3 intercept frequency f3 with (Ci + C2): fs = (ZiZ2fo)^^^ = (11.25 * lO^)^/^ 

720 * 103 

— Cl + C 2 = —1 -- 7 - 7 - 7 = .358 * 10-6 

(27r)3 * 11.25 * 106 * 10-6 * 720 * IO6 


Z 2 ^ 'Ci + C2^ C 2 Z 2 

3, Ratio —=-'--- C 2 = (Ci + C 2 ) —= .358 * 10- 

Pi R1C1 Cl + C2 Pi 

4. Cl = (Cl + C 2 ) - C 2 = .358 * 10-6 - .030 * 10-6 = .328 * 10-6 - .33iuF 


Z 2 250 

C 2 = (Cl + C 2 ) — = .358 * 10-6 *-.0298 * 10-6 ~ .030yuF 

Pi 3000 


5. Set Z2 with Ry. R1C1 = 


In * 250 * .33 ♦ 10-6 


= 1.929 * 103 - 1.91K 
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ML4417, ML4427 


ORDERING INFORMATION 


PART NUMBER 

TEMP. RANGE 

PACKAGE 

ML4417CP 

O^C to +70‘'C 

MOLDED DIP (P16) 

ML4417CS 

0°C to +70°C 

MOLDED SOIC (S16N) 

ML4427GP 

0°C to +70°C 

MOLDED DIP (P16) 

ML4427CS 

0‘‘C to +70“C 

MOLDED SOIG (S16N) 


Micro Linear 


5-135 



Micro Linear PRELIMINARY 

ML4418 

Low Saturation Voice Coil Servo Driver 


GENERAL DESCRIPTION 

The ML4418 is a voice coil power driver intended for use in 
High Performance 12V Hard Disk servo systems. The 
ML4418 contains all control circuitry necessary to drive the 
voice coils of most drives. To maximize compliance 
voltage, the ML4418 includes two 1-Amp NPN drivers and 
provides base drive for external PNP transistors. In addi¬ 
tion, power fail detection and a low voltage head retraction 
functions are provided for orderly shut-down of the drive. 

A current sense amplifier is included to enable voice coil 
current feedback for velocity calculations. Special care has 
also been taken to maximize system loop bandwidth. 

The transconductance programmed by a logic input at 1/2 
A/V and 1/7 A/V respectively, when usirig a 1X2 sense 
resistor. This allows for greater DAC resolution in digitally 
controlled servos during track follow without compromising 
dynamic range during seek. 

The retraction circuit, main drive circuit, and control circuits 
are each powered from their own supplies. Retract is self- 
contained for 12V systems but allows the use of an external 
PNP to allow retraction with as little as IV of back EMF 
from the spindle. 


The power fail detection circuit includes a precision 1.5V 
bandgap reference and a power fail comparator. 

The ML4418 is implemented using Micro Linear's bipolar 
array technology. This allows for customization of the 1C 
for a user's specific application. 

FEATURES 

■ Low saturation voltage (<1V at 1 A.) 

■ No cross-over distortion with low quiescent current 

■ VCM coil current output referenced to Vrep 

■ Pin-programmable transconductance settings 

■ Retraction circuitry with programmable retract voltage 
and separate power pin operates to IV 

■ On-chip precision power fail detect circuitry 

■ Over-temperature protection with flag output 

■ Operates from+12 supplies 
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PIN CONFIGURATION 


ML4418 
24-Pin SOIC 


vcc dl 

1 

24 

IQ 12V SENSE 

DISABLE QI 

2 

23 

T1 RETRACT 

HIGH/LOW HE 

3 

22 

1 1 POWER FAIL 

RETROUT QI 

4 

21 

~n +5V 

RET SET QI 

5 

20 

~n COMP 2 

GND QQ 

6 

19 

jQ COMP 1 

R(SENSE) □“ 

7 

18 

T1 CONTROL- 

V(RET) QQ 

8 

17 

~n l(SENSE) + 

SOURCE B QE 

9 

16 

~n CONTROL-H 

l(SENSE)OUT QI 

10 

15 

T~] PWR GND A 

PWR GND B QI 

11 

14 

IQ SINK A 

SINK B QI 

12 

13 

IQ SOURCE A 


TOP VIEW 


PIN DESCRIPTION 

PIN# NAME FUNCTION PIN# NAME FUNCTION 


1 vcc 

2 DISABLE 


3 HIGH/LOW 


4 RETROUT 


5 RET SET 

6 GND 

7 R(SENSE) 

8 V(RET) 

9 SOURCE B 

10 l(SENSE) 

OUT 

11 PWR GND B 

12 SINK B 


13 SOURCE A 


Supply input to power amplifiers 

A Logic "1" puts the 1C into a low power 
state and disables the power amplifiers. 

A logic "1" sets the transconductance gain 
to 1/2 while a logic "0" sets the gain to 1/ 
7. Transconductance gain is the Vr(seisise) 
^CONTROL- 

Open collector output which pulls low 
during retract. Used to provide a braking 
signal to spindle. 

External set resistor to establish a voltage 
limit for the internal retract driver. 

Analog signal ground. 

Current sense resistor terminal. 

Supply pin for retract circuits. 

PNP Base drive output for inverting 
power amplifier. 

Output of the Current Sense amplifier 

Power return pin for inverting power 
amplifier B. 

Current sinking output for inverting 
power amplifier. Connects to voice coil (- 
) terminal. 

PNP Base drive output for non-inverting 



power amplifier. 

14 SINK A 

Current sinking output for non-inverting 
power amplifier. Connects to voice coil 
(+) terminal. 

15 PWR GND A 

Power return pin for non-inverting power 
amplifier A. 

16 CONTROL + 

Positive input for current command. 

17 l(SENSE) + 

Positive input for current sense amplifier. 

18 CONTROL- 

Negative input for current command. 

19 COMP 1 

Pin for external compensation capacitor. 

20 COMP 2 

Pin for external compensation capacitor. 

21 +5V 

Input for +5V for power fail detection and 
logic power supply. 

22 POWER FAIL 

Open Collector output drives low for low 
voltage conditions. 

23 RETRACT 

A logic "0" initiates retract. Also used as 
an open-collector over-temperature 
output flag. 

24 12V SENSE 

Input to the power fail comparator from 
a resistor divider from VCC. 
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ML4418 


ABSOLUTE MAXIMUM RATINGS 


Supply Voltage (pins 1,8)... 14V 

Voltage pins 1 , 3, 23, 22. -0.3V to +7V 

pins 4,7,8,9,12,13,14,1 7... -0.3V to VCC 

Output Sink Current........;^. + 1A 

Retraction Current.._..... 80mA 

Retract set current (pin 5)..... 3 mA 

Junction temperature. 150°C 

Storage Temperature Range. -65X to 150°C 

Lead Temperature (Soldering 10 sec.).... 260°C 

Thermal Resistance (6ja) . 60°C/W 


OPERATING CONDITIONS 


Temperature Range ... 0°C to 70°C 

VCC Supply Voltage .. 10.8V to 13.2V 

+5V (pin 21) Supply Voltage. 4.5V to 5.5V 

V(RET) (pin 8) Supply Voltage... 2.5V to 13.2V 

CONTROL + Voltage Range (pins 16). OV to VCC 

CONTROL - Voltage Range (pins 18). 2.4V to 6.0V 


Absolute maximum ratings are those values beyond which 
the device could be permanently damaged. Absolute 
maximum ratings are stress ratings only and functional 
device operation is not implied. 


ELECTRICAL CHARACTERISTICS 


Unless otherwise specified, TA=Operating Temperature Range, VCC=operating range, Rsense~1^/ Rcoil= 15Q 
CONTROL-(pin 18) = VCC/2, Rset (pin 5) = 7.5Ka C1=30pF, Q1=Q2= MjE210. 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Amplifier 

Offset 




±12 

mA 

Common Mode Transconductance 

2V<Vp,Ni8<6V 


0.5 

1 

> 

< 

E 

Gain 

pin 3 = 2V 

475 

500 

525 

mA/V 


pin 3 = 0.8V 

136 

143 

150 

mA/V 

Maximum Bandwidth 



100 


Khz 

Sinking saturation 

louT = lOOmA 


0.3 

0.6 

V ■ 


louT = 300mA 


0.4 

0.8 

V 


loUT 500mA 


0.5 

1 

V', 

Sourcing saturation . 

Iqut “ 100mA 


0.1 


V 


Iqut ” ^60mA 


0.2 


V 


Iqut ~ 500mA 


0.3 


V 

Source A/B Base Drive 


20 

30 

50 

mA 

Q1/Q2 Standby Current 

Ppnp"' 200, VpiNie^'SV 

1 

4 

7 

mA 


Retraction Circuit 


Turn on time 



800 


nS 

Turn off time 



8 


pS 

Source Voltage 

VpiN23^0.8V, VpiN8= 3V, lpiN7= -50mA 

0.53 

0.75 

0.97 

V 

Sink Current 

Vp|N23“0.8V, Vp|N8= 1.2V, VpiNi2= 0-6V 

36 

48 

150 

mA 

RETROUTVol 

VpiN23=0-8V, lpiN4=l niA 



0.4 

V 


Power Fail Detection Circuit 


12V Threshold 


9.5 

10 

10.5 

V 

Hysteresis -12V Sense 


5"^ 

120 

190 

mV 

5V Threshold 


4.35 

4.525 

4.70 

V 

Hysteresis - 5V Sense 


5 

30 

80 

mV 


Logic Inputs and Outputs 


Voltage High (Vm) 


2 

1.4 


V 

Voltage Low (V|l) 



1.4 

. 0.8 

V 

Current High (I|h) 

V,n=5V 



±10 

pA 

Current Low (1 |l) 

ViN=0V, except pin 23 

-40 

-10 


pA 

V|isj=QV, pin 23 only 

-250 

-160 


pA 

Voltage Low (pins 22, 4) 

loL“1 



0.4 

V 
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ELECTRICAL CHARACTERISTICS (continued) 


Unless otherwise specified, TA=Operating Temperature Range, VCC=operating range, Rsense== 1^/ 
CONTROL - (pin 18) = VCC/2, Rset (pin 5) = 7.5^, Cl=30pF, Q1=Q2= MJE210. 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Over-Temperature Detection 

Tj Threshold 


150 

160 


°C 

Hysteresis 



30 


°c 


Current Sense Amplifier 


Voltage Offset 




±50 

mV 

Differential Mode Gain 


1.95 

2 

2.05 

V/V 

Common Mode Gain 


-44 



dB 


Current Consumption 


Pin 21 

Pin 21= 5.5V 


5 - 

8 

mA . 

Pin 1 

VCC=13.2V, VpiNie = VCC/2 


8 

13 

mA 

Pin 8 

VpiNS = 1 3.2V, VpiN23 = 5V 


3.5 

5 

mA 


FUNCTIONAL DESCRIPTION 

POWER AMPLIFIER 

The ML4418 power amplifier circuit is set up as a Howland 
Current source with a fixed gain of 1/2 or 1 /7 (set by 
driving pin 3 high or low respectively). This architecture 
yields minimal cross-over distortion while maintaining low 
output cross conduction currents. 

The gain figure refers to the ratio of input voltage to the 
output voltage seen across Rsense- For example, at a 1/2 
gain setting, with V(-) input at 2.5V and the V(+) input at 
3V, +500mA would flow through the coil using a 0.5^^ 
sense resistor. Under the same conditions with pin 3 low, 
the current would be 143mA. The ability to change from 
low to high gain allows more complete utilization of DAC 
resolution when in the track follow mode. 


COMP 1 COMP 2 



Figure 1. Power Amplifier Topology 

The output stage is designed to provide minimal saturation 
losses and employs an external PNP transistor for the 
sourcing drive and an internal saturable NPN to sink 
current. Sinking saturation drop is typically under 0.4V. 
Sourcing saturation drop depends on the external transis¬ 
tors used. To avoid oscillation in the output stage, PNP 
transistors with FT;>50Mhz. should be used. 



Figure 5. Output Saturation Voltage vs. Output Current 
(Q1 =Q2 = MJE210) 



COIL CURRENT (mA) 

Figure 6. Output Saturation Voltage vs. Output Current 
(Q1 =Q2 = BSR31) 
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Figure 4. Output Current: V|m = 100 Hz Sine Wave, 
2.4Vp.p, Low Gain Mode (Vp,N3=0), R(SENSE) = m 



Figure 5. Output Current: Vim = 1 KHz Sine Wave, 2.4Vp.p 
Low Gain Mode (Vp,M 3 = 0), R(SENSE) = IQ 



3 5 7 9 11 


R(SET) 

Figure 6. Retract Source Voltage at Pin 7 vs. R(SET) 
•vCM-SOmA 



0 10 20 30 40 50 


SINK CURRENT (mA) 

Figure 7. Retract Sink Voltage at Pin 12 vs. lvcM=50mA 


POWER FAIL DETECT CIRCUIT 

The ML4418 circuit consists of a precision trimmed refer¬ 
ence, resistor dividers and an "or function" comparator with 
hysteresis. The output (open collector) of this circuit 
appears on pin 22. When either comparator input falls 
below the 1.5V reference, pin 22 pulls low. 

RETRACT CIRCUITS 

The ML4418 retract circuit provides for spindle EMF 
energized power fail retraction of the VCM. When pin 23 
goes low, pin 4 will pull low, providing a signal which can 
be delayed for spindle braking. The internal NPN transistor 
will saturate, pulling SINK B (pin 12) low. This portion of 
the circuit will function with less than I V on V(RET). An 
internal voltage limited pull-up transistor is provided which 
sources current on pin 7 to the VCM. This circuit will 
operate reliably down to a V(RET) voltage of around 2.5V, 
making the ML4418 retract circuit adequate for 12V 
systems where the spindle motor EMF provided is ad¬ 
equate. 

Figure 6 shows the saturation characteristics of the SINK B 
output (Rsat ~ 912) The Rsat of the pull down transistor 
does not vary appreciably with V(RET) voltage. Figure 7 
shows the voltage sourced at R(SENSE) during Retract vs. 
R(SET) at various V(RET) input voltages. 

CURRENT SENSE AMPLIFIER 

The current sense amplifier in the ML4418 creates a signal 
referenced to CONTROL - (normally the Vref pin of the 
system's DAC and ADC) appearing accross a resistor in 
series with the VCM. Its output is twice the voltage that 
appears between pins 17 and 7. 
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APPLICATIONS 


POWER AMPLIFIER COMPENSATION 


Figure 8 below shows the equivalent AC circuit for the 
current amplifier. 



Figure 8. AC Equivalent Circuit for Current Amplifier, 
Voice Coil Motor (VCM) and Snubber 

The amplifier's current bandwidth is limited by Cqut which 
varies with the value chosen for Rsense 


‘“OUT 


n97x(C(~„^p + 3.5pF) 
'^SENSE 


Where CcoMP is Cl between pins 19 and 20. With no 
snubber (RS and CS) the bandwidth is limited to. 


Since this is a second order system with L(M) and C(OUT) 
forming a resonant circuit, some damping is desirable to 
reduce ringing in the step response. This is accomplished 
with a resistive snubber. The optimum value of R(S) occurs 
when the following condition is met: 


R(S) = 


L(VCM) 

C(OUT) 


For a given C(S), setting R(S) to this value will minimize the 
ringing in the transient response. Larger values of R(S) will 
result in more ringing and more bandwidth. Smaller values 
of R(S) will result in more ringing and less bandwidth. 

C(S) (snubber capacitor) values of between 200nF and 1 pF 
are usually necessary to achieve the desired reduction of 
ringing in the step resonse. At the optimum value of R(S) 
larger values of C(S) further reduce the ringing but do not 
affect the bandwidth. 

Tuning the current loop response can be easily done 
simulating the network in figure 8 with a computer simula¬ 
tor (such as SPICE). 


CdB “ 


_L I 2.414 
2jcVl(M) QOUT) 
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MICRO¬ 

CONTROLLER 


cs 

Vcc 

_ ML2341 

WR 

XFER 


DBO 

Vref out 


Vref in 


Vzs 

DB7 

VoUT 

GAIN 0 


GAIN 1 

AGND 

DGND 


SOURCE A 
SINK A 
PWR GND A 


ML4408 

CONTROL 


PWR GND B \ 
^DISABLE 


Jgnd source 


22 __ V(RET) 

I - POWERFAIL 

23 _ 

*—*■ RETRACT 

3 _ 

-► HIGH ALOW 

RET SET 


FROM 

MOTOR 

WINDINGS 


Figure 9. ML4418 Used with ML2341 8-Bit Gain Ranging DAC Provides up to 13-Bit Effective Resolution 


ORDERING INFORMATION 



TEMPERATURE 


PART NUMBER 

RANGE 

PACKAGE 

ML44r8CS 

OX to +70X 

S20W 
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Servo Demodulator 


GENERAL DESCRIPTION 

The ML4431 provides all of the analog circuitry 
necessary for the demodulation of di-bit servo signal 
information in Winchester disk drives. It interfaces to 
the servo head preamp and provides quadrature 
position signal outputs for the servo controller 
circuitry. 

The ML4431 includes a high-performance 592-type 
input amplifier and differential AGC circuit. External 
logic Is designed to meet the needs of the particular 
servo system utilizing the VCO and Charge Pump to 
create a PLL time base for Peak Detector gating. The 
SYNC output provides servo channel timing 
information for the logic. 

The ML4431 has an ECL-type VCO, with an Internal 
ECL-to-TTL converter for simplified interfacing. 

The ML4431, when combined with the ML4402 Servo 
Driver, the ML4403, ML4413 Servo Controller and the 
ML4404 Trajectory Generator, provides a flexible 
closed-loop servo control system. 


FEATURES 

■ Combines all analog dl-bit demodulation circuitry 

■ Logic track-type switching can be used to minimize 
demodulator offset 

■ Exponential AGC characteristics makes AGC settling 
independent of Input step size 

■ External loop compensation of analog blocks 

■ External digital circuitry allows flexible pattern 
format 

■ On-chip band gap voltage reference eliminates 
external referencing 

■ Operates from 5V and 12V power supplies 

■ Programmable Peak Detector Discharge Current 

■ Digitally-controlled AGC set point 

■ TTL output VCO 

■ AGC Sense switchable to "POSA only" or both 
"POSA and POSB" 

■ Compatible with Micro Linear's ML4403, ML4413 
Servo Controller, ML4402 Servo Driver and ML4404 
Trajectory Generator 
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PIN CONNEGTIONS 

ML4431 32-Pin PCC 


FINC TP POSB 
FLTR I FDEC I CDC 1 POSA 


+5V [ 5 
VCOI [ 6 
VCOP [ 7 
VCON [ 8 
GND [ 9 
SYNC [ 10 
PWM [ 11 
VAGC [ 12 
CAGC [ 13 


ML4431CQ 

PLCC-32 


14 15 16 17 18 19 20 

I_I i_I I_I I_I I_I I_II_1"“ 

1 INX I GAIN2 I CAP1 ) 
GAIN1 INY AGCSW CAP2 


] Vref 
] +12V 
] PKDECAY 
26 ] GATE4 
25 ]GATE3 
24 ] GATE2 
23 ]gATE1 
22 ] CAP4 
1 CAP3 


PIN DESCRIPTION 


PIN NO. 

NAME 

FUNCTION 

1 

TP 

Composite test point, normally left 
unconnected. 

2 

FDEC 

Charge pump frequency 
decrement input. 

3 

FINC 

Charge pump frequency 
increment input. 

4 

FLTR 

PLL loop compensation terminal. 

5 

+5V 

+5V supply. 

6 

VCOI 

VCO input. 

7 

VCOP 

VCO positive output, for 
capacitive feedback to VCOI. 

8 

VCON 

VCO negative output, drives 
resistive feedback to VCOI. 

9 

GND 

Ground. 

10 

SYNC 

SYNC pulse output. 

11 

PWM 

PWM DAC input to adjust AGC 
set point. 

12 

VAGC 

AGC gain reference voltage input. 

13 

CAGC 

External capacitor to set AGC 
response. 

14 

GAIN1 

Input amplifier gain adjusting RC 
terminal 1 

15 

INX 

X input into Input amplifier. 

16 

INY 

Y input into Input amplifier. 

17 

GAIN2 

Input amplifier gain adjusting RC 
terminal 2. 


PIN NO. 

NAME 

FUNCTION 

18 

AGCSW 

Selects between "POSA only" or 
"POSA and POSB" AGC sense 
operation. Logic "0" selects "POSA 
only" operation. Logic "1" selects 
"POSA and POSB" operation. 

19 

CAP1 

Peak detector 1 capacitor. 

20 

CAP2 

Peak detector 2 capacitor. 

21 

CAP3 

Peak detector 3 capacitor. 

22 

CAP4 

Peak detector 4 capacitor. 

23 

GATE1 

Peak detector 1 gate input (TTL) 
Logic "1" enabled, "0" disabled. 

24 

GATE2 

Peak detector 2 gate input (TTL) 
Logic "1" enabled, "0" disabled. 

25 

GATE3 

Peak detector 3 gate input (TTL) 
Logic "1" enabled, "0" disabled. 

26 

GATE4 

Peak detector 4 gate input (TTL) 
Logic "1" enabled, "0" disabled. 

27 

PKDECAY 

Sets peak detector discharge 
current. 

28 

+12V 

+12V supply. 

29 

Wef 

Voltage reference output. 

30 

POSA 

Position output A. 

POSA = Peak Detector 1 - Peak 
Detector 2 

31 

POSB 

Position output B. 

POSA = Peak Detector 3 - Peak 
Detector 4 

32 

CDC 

External capacitor terminal to set 
DC restore response. 
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ABSOLUTE MAXIMUM RATINGS 

Absolute maximum ratings are those values beyond which the 
device could be permanently damaged. Absolute maximum 
ratings are stress ratings only and functional device operation 
is not implied. 


Power Supply Voltage Range, Vqq . 14V 

Input Voltages: 

GAIN1, GAIN2 .-0.3 to 8V 

Cagc . -0.3 to 7.0V 

Vaco PWM, VCOI . -0.3 to 5.3V 

CAP1, CAP2, CAP3, CAP4 . -0.3 to 10V 

GATE1, GATE2, G ATE3, GATE4, VCOP . -0.3 to 7.5V 

INX, INY VCON, FINC, FDEC, Cdq Cago FLTR 

. -0.3 to Vcc +0.3V 

^jA for PLCC-32 . «60°C/Watt 

Storage Temperature Range . -65°C to +150®C 

junction Temperature (Tj/^^ax) . 150®C 

Lead Temperature (Soldering, 10 sec) . 260®C 


OPERATING CONDITIONS 


Temperature Range . 0®C to 70°C 

Supply Voltage V(+i2V) .. 12 Vdc ± 10% 

Supply Voltage V{+5V) . 5Vdc ± 10% 

Input Coupling Capacitance (C|) . 0.01/uF 

Input Amp Gain Capacitance (Cq) . 0.047/iF 

Input Amp Gain Resistance (Rq) .. IkO 

AGC Response Compensation Capacitance (Ca) . 0.018yuF, 

Composite DC Restore Capacitance (Cq) . 0.018//F 

PLL Compensation Components: 

Ccpi . 0.1//F 

CcP2 . 

Rcp . 9100 

VCO Components: 

Cv . 39pF 

Rv . 15000 

RL . 6800 

Peak Detector Capacitance (CAP1 thru CAP4) . 270pF 

On track Base-to-Peak Voltage at pin TP . 1.75V 

Vga Gain Control Voltage (at pin Cagc) . '=«2.4V 

Rset . 330KO 


ELECTRICAL CHARACTERISTICS 

The following specifications apply over the recommended operating conditions of Ta = 0°C to 70°C, 

V(+i2V) = 10-8 to 13.2V, V(+ 5 V) = 4.5 to 5.5V, Vvagc = 4.0V, and external components as recommended above, 
unless otherwise specified (See Note 1) 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Power Supply 

1+12 

Supply Current 

V+12 = 12^ V+5 = 5V 


73 

51 

mA 

•+5 

Supply Current 

V+12 = 12V, V+5 = 5V 


37 


mA 


TTL Inputs FINC, FDEC, GATEl, GATE2, GATE3, GATE4, PWM, AGCSW 


V,H 

High Level Input Voltage 


2.0 



V 

V,L 

Low Level Input Voltage 




0.8 

V 

l|H 

High Level Input Current 

V,H = 2.4V 

-1 


30 

M 

111 

Low Level Input Current 

V,L = 0.4V 

-20 


1 



SYNC Output 


Vql 

Low Level Output Voltage 

Iql = 1.6mA 

0 

0.35 

0.5 

V 

Vthr 

Positive going input threshold 



Vref+0-9 


V 

Vthf 

Negative going input threshold 



Vref 


V 

fpD=t 

Propagation Delay Rising, Falling 

RL = 2k, Cl = 15pF 

_i 

50 


ns 


VCON Output 


VoH 

High Level Output Voltage 

loH = SOM 1 

2.4 



V 

Vql 

Low Level Output Voltage 

Iql = 1.6mA 

0 


0.5 

V 


VCO and Charge Pump Section 


Ibias 

Vcoi Input Bias Current 


0 

20 

50 

fjA 

■CH/ ipiS 

FLTR Charge and Discharge Current 


330 

450 

590 

M 

•ch/IdIS 

FLTR Charge/Discharge Ratio 


0.95 

1.00 

1.05 

jjAlfjA 

■off 

FLTR OFF State Current 

FINC = 2.0, FDEC = 0.8 

0 

25 

50 

nA 

Fmax 

MAX VCO Frequency to Maintain 
+ and - 5% Control Range (Note 3) 


20 



MHz 

Vqh (FLTR) 

Charge Pump Maximum Voltage 



V(.i2V)-12V 


V 

Vql (FLTR) 

Charge Pump Minimum Voltage 





V 
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ELECTRICAL CHARACTERISTIGS (Continued) 

The following specifications apply over the recommended operating conditions of Ta = 0°C to 70°C, 
V(+ 12 V) = lO-S to 13.2V, V(+ 5 V) = 4.5 to 5.5V, Vagc = 4.0V, and external components as recommended above, 
unless otherwise specified (See Note 1) 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

__I 

UNITS 

VCO and Charge Pump Section (Continued) 

Fvco 

VCO Frequency Range (Note 3) 

Ta = 25°C, V+5 ^ 5V, 

VpLTR = 6V, Cv = 30pF, 

Ry = 3.74KO, see figure 1 

9.7 

10.0 

10.3 

MHz 

Kvco 

VCb Voltage to Frequency Factor 



2 


. ,%/V 


Input AMP, AGC AMP, and DC Restore 


R|N 

INX, INY Differential Input Resistance 


7 

10 

14 

kO 

IgAIN1,2 

GAIN1, GAIN2 Bias Current 


0.66 

1.0 

1.20 

mA 

i^lNAGC 

Vagc input Resistance 


7 

10 

13 

kO 

Gmagc 

AGC Transconductance at Cagc 



370 


//MHOS 

•^AGC 

Control Range of AGC Loop to Regulate 
Composite Amplitude to within 2% 
of Nominal 



7/1 


v/v 

BW 

Bandwidth from INX, INY to Composite 
(Note 4) 


10 

15 


MHz 

GMDCR 

DC Restore Transconductance 



500 


//MHOS 


Peak Detectors 


ICH 

Charge Current 


5 



mA 

bis 

Discharge Current 

Ta = 25^, Rset = 330K 

10 

15 

20 

//A 


Voltage Reference 


Vref 

Reference Voltage 

Ta = 25‘»C 

4.75 

5.00 

5.25 

V 

TC 

Tempco 



50 


ppm/°C 

I^OUT 

Load Regulation 



2 


mV/mA 

PSRR 

Line Regulation 



10 


mV/V 

IsiNK 

Maximum SINK Current 


0.8 



mA 


Output Amplifiers (POSA, POSB) 


Vos 

Input Offset 

VcAp1-4 = 6V 

-10 

0 

10 

mV 

Ay 

Gain 


1.15 

1.20 

1.25 

V/V 

AyA/AyB 

Gain Tracking 


-3 

0 

+3 

% 

Vqut 

Output Voltage Range 


1.0 


9.5 

V 

ISRC 

Output Source Current 


3 



mA 

ISNK 

Output Sink Current 


2 



mA 

SR 

Slew Rate 



2.5 


V///S 

BW 

3dB Gain Bandwidth 



3 


MHz 


Note 1: 0°C to 70®C operating temperature range devices are 100% tested with temperature limits guaranteed by 100% testing, sampling, or 

correlation with worst-case test conditions. 

Note 2: Typicals are parametric norm at 25°C. 

Note 3: This parameter is guaranteed but not 100% tested and is not used in outgoing quality level calculations. 

APPLICATION HINTS 

Using a nominal on-track servo signal, amplitude adjustment should be made as follows: 

1. Set composite signal amplitude, measured at pin TP, by adjusting voltage at pin Vagc (approximately 4.7 volts). The composite signal should 
be set to 1.75 volts base to peak of an on-track position pulse (an off-track position pulse will be about 3.5 volts maximum). 

2. Adjust Rg so that the VGA is in mid-range. This is determined by measuring the voltage at pin C/>^gc; it should be approximately 0.9 volts. 
Cacc voltage will vary approximately ±0.5 volts over the AGC range. 
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FUNCTIONAL DESCRIPTION 

INPUT AMPLIFIER 

The input amplifier is equivalent to a wide-band 592 
type video amplifier and provides amplification and 
buffering to the AGC circuitry. The Inputs INX and INX 
which must be AC coupled, accept the composite 
analog signal from the servo head differential 
preamplifier. Internal input termination resistors 
eliminate the need for external bias resistors. 

Prefiltering of the signal is normally desired to eliminate 
unwanted components. External components Rg and 
Cg determine the input amplifier's low frequency cutoff 
and gain as follows: 

1 ^ 1700 

27r(RG + 60 Q)Cg ^ Rg + 600 

Where: Cg = External series capacitance between pins 
CAIN1 and CAIN2 

Rg = External series resistance between pins 
CAIN1 and CAIN2 


AUTOMATIC GAIN CONTROL (AGC) 

The purpose of the AGC loop is to maintain a constant 
peak output voltage level at outputs POSA and POSB. 
This peak level is established by the reference voltage 
applied to pin Vagc- 

Vp-P (Composite Position Pulses) “ K1 ^ ^AGC ^2 

Where: K1 = 0.65 

K2 = .13 * Vref 

In this closed-loop system, the peak detector output 
voltages are fed back and combined with the Vagc 
voltage to provide a gain control current. The current 
controls the variable gain amplifier (VGA) and is 
compensated at pin Cagc to provide control of AGC 
bandwidth. The bandwidth of the entire AGC loop is 
determined by: 


2tt Ca 

Where: K = 2.8 x 

VvAGC = External reference voltage at pin Vagc 
Ca = External capacitance at pin Cagc 

PWM CONTROL OF AGC SET POINT 

The PWM input (pin 10) accepts a variable duty-cycle 
input to control the AGC set point. The relationship 
between duty-cycle and set point is: 

100% duty-cycle . AGC set point is equal to Vref- 

0% duty-cycle . AGC set point equal to 0.6 x Vref- 

A filter capacitor from pin 11 to ground is required to 
filter the PWM signal. This capacitor should be 
sufficiently large relative to the 10KO nominal internal 
termination resistance at pin 11. 

The AGC set point may be set manually via direct 
voltage control of pin 12 if desired. Pin 11 should be 
grounded In this case. 


SWITCHING THE AGC SENSE RESISTORS 

The AGCSW input (pin 17) allows selection of the AGC 
sense. The choices are: 

AGCSW low ... AGC senses POS A peak 

detector outputs only. 

AGCSW high . AGC senses POS A and POS B 

peak detector outputs. 


COMPOSITE AMPLIFIER 


The input amplifier and AGC circuit of the ML4431 
operate in a differential signal mode to provide good 
common mode and power supply rejection. The 
composite amplifier converts the differential signal into 
a buffered single-ended signal for the peak detector 
circuitry. The DC base line of the composite signal is 
equal to Vref- The bandwidth of the DC restore 
function is controlled by capacitor Cp at pin Cqc with 
the following relationship: 


BW 


iTT Cd 


Where: gm = ^ 

Cd = External capacitance at pin Cqc 


The composite signal is available at pin TP and is 
normally left unconnected. For short circuit protection 
a 750fi resistor is connected in series with pin TP 
Internally. 


SYNCHRONIZATION PULSE SEPARATOR 

The SYNC pulse separator is a threshold comparator 
with hysteresis which passes pulses from the composite 
amplifier above a set threshold. It provides a buffered 
TTL output. The SYNC output, when gated through an 
external one-shot, is used to control the external gate 
timing and PLL logic. Active pull-up differs from ML4401 
SYNC. 


PEAK DETECTOR 

The peak detector circuit captures the peak signal 
amplitude of the di-bit pulses. The gates are controlled 
by inputs GATE1 through GATE4. Timing is established 
by the external logic circuitry. The external peak 
detector capacitors are connected from pins CAP1 
through CAP4 to ground. The peak detector discharge 
rate (set by CAP1-CAP4 and current out of PKDECAY) 
determines the maximum track crossing rate during an 
access operation. The peak detector outputs are fed 
into internal differential amplifiers that calculate the 
track error signals and provide buffered outputs POSA 
and POSB as follows: 

POSA = 1.20 (CAP1 - CAP2) + Vref 
POSB = 1.20 (CAP3 - CAP4) + Vref 
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PEAK DETECTOR DECAY RATE CONTROL 

The decay rate of the peak detector can be 
programmed by changing the external resistor Rset (P'n 
26, see connection diagram). The decay rate is 
determined by the discharge current for the hold 
capacitors C1 - C4. The relationship between the 
discharge current and Rset is: 

I Vref 

I DISCHARGE = ^ 

Kset 

VOLTAGE CONTROLLED OSCILLATOR AND 
CHARGE PUMP 

The VCO and external phase compare logic provide a 
time b ase fo r peak detector gate synchronization. 

Inputs FINC and FDEG provide increment and 
decrement signals to the charg e pump for changing the 
oscillator frequency. The FINC and FDEC inputs gate 
the charge pump for the duration of the pulse width. 
The RC timing network formed by Cy and Ry at pins 
VCOI, VCON, and VCOP control the oscillators center 
frequency. (See Typical Performance Characteristics) 

Ry should be greater than lOOOQ, Too low of a value 
will result in excessive power dissipation. RL should be 
about 6800. 


The VCO output should only be taken from pin VCQN. 
Charge pump capacitor Ccpi is connected from pin 
FLTR to ground. Components Rcp and C'cp2 are also 
connected in series from pin FLTR to ground to provide 
VCO loop compensation. 

INTERNAL VOLTAGE REFERENCE 

Vref is an internal band-gap voltage reference. It is 
buffered and available at pin Vref and is used by the 
ML4402, ML4403, ML4404 and other chips requiring a 5 
volt reference. 

EXTERNAL LOGIC 

The external logic provided by the user typically has a 
complexity of about 150 to 300 equivalent gates. 
Complexity and architecture depends on the users di¬ 
bit pattern and control function. 

Note: Stray capacitance should be Considered in applying the above 
relationships when low capacitor values are used. Stray 
capacitance of the integrated circuit terminal is typically about 
2 to 3pF. 
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TYPICAL PERFORMANCE CHARACTERISTICS 


Ca Cd 



Figure 1. ML4431 Connection Diagram 



VCAGC (Volts) 
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ORDERING INFORMATION 


PART NUMBER 

TEMP. RANGE 

PACKAGE 

ML4431CQ 

0°Cto+70°C 

MOLDED PCC (Q32) 
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ML4506 


5V Disk Voice Coil Servo Driver 


GENERAL DESCRIPTION 

The ML4506 is a voice coil power driver intended for use 
in 5V Hard Disk servo systems. The ML4506 contains all 
power and control circuitry necessary to drive the voice 
coils of most small form factor drives. In addition, power 
fail detection and head retraction functions are provided 
for orderly shut-down of the drive. 

The transconductance is programmed by a logic input at 
1/4 A/V and 1/24 A/V respectively, using a 1^2 sense 
resistor. This allows for greater DAC resolution in digitally 
controlled servos during track follow without 
compromising dynamic range during seek. 

The retraction circuit, main drive circuit, and control 
circuits are each powered from their own supplies. This 
allows maximum flexibility and provides for the lowest 
forward drop by eliminating the need for a blocking 
diode. 


The power fail detection circuit includes a precision 1.5V 
bandgap reference. 

The ML4506 is implemented using Micro Linear's bipolar 
array technology. This allows for easy customizing of the 
IC for a user's specific application. 

FEATURES 

■ 500mA power output with 1.3V total forward drop 

■ Low offsets, cross-over distortion and quiescent current 

■ Pin-programmable transconductance settings 

■ Retraction circuitry with programmable retract current, 
voltage limiting, and separate supply pin. 

■ On-chip precision power fail detect circuitry 

■ Over-temperature protection with flag output 

■ Logic input available for disabling outputs 


BLOCK DIAGRAM 













ML4506 


PIN CONNECTION 


ML4506 

20-PIN SOIC (S20W) OR 20-PIN SSOP (R20W) 


Vcc rT~ 

■1 

20 

~T~1 RETRACT 

DISABLE rT~ 

2 

19 

~1 1 RETROUT 

RET SET 1 r~ 

3 

18 

_J _1 POWER FAIL 

HIGH/LOW FT" 

4 

17 

~T~] 5VCOMP 

GND 1 r~ 

5 

16 

~T~I REF 

Vret I 1 

6 

15 

"T"! CONTROL+ 

Rsense 1 1 

7 

14 

~T~I CONTROL- 

PWRGND A rT~ 

8 

13 

~T~I PWR GND B 

OUTPUT+ 1 r~ 

9 

12 

~~| 1 OUTPUT- 

OUT+ SENSE 1 1 

10 

11 

~~| 1 PWR VC 


TOP VIEW 


PIN DESCRIPTION 

PIN# NAME FUNCTION __ 

1 Vcc Positive Power supply for the IC. 

Normally connected to+5V. 

2 DISABLE A logic "1" turns off the main 

outputs. 

3 RET SET A Current into this sets up the 

voltage limit for the internal retract 
sourcing circuit 

4 HIGH/LOW A logic "1" sets the 

transconductance gain to 1/4 while 
a logic "0" sets the gain to 1/24. 
Transconductance gain is defined 
as: 

_ ^Rsense _ 

(CONTROL+)-(CONTROL-) 


5 

GND 

Analog Signal Ground 

6 

Vret 

Power supply for the retract circuit. 

7 

Rsense 

Current sensing resistor terminal. 

8 

PWRGND A 

Ground Terminal for power 
amplifier A. 

9 

OUTPUT-e 

Positive Output terminal for bridge 
amplifier. 

10 

OUT+ SENSE 

Positive Amplifier Kelvin sense 
terminal. Tie to OUTPUT-f. 

11 

PWR VC 

+5V supply for bridge amplifier 


PIN# 

NAME 

FUNCTION 

12 

OUTPUT- 

Negative Output terminal for bridge 
amplifier. , 

13 

PWRGND B 

Ground Terminal for power 
amplifier. 

14 

CONTROL- 

Negative input for current 
command. 

15 

CONTROL-f 

Positive input for current command. 

16 

REF 

Reference input to the Power Fail 
comparator. Leave open to use 
internal 2.5V reference. 

17 

5V COMP 

Input to the Power Fail Comparator. 
Can be connected to a bypass 
capacitor for noise immunity. 

18 

POWER FAIL 

Open collector output drives low if 
pin 17 or pin 18 are below pin 16. 
Normally tied to pin 20. 

19 

RETROUT 

Open collector output pulls low to 
drive external PNP for retract if Vcc 
is less than 3.5V and pin 20 is low. 

20 

RETRACT 

A logic "0" input causes the main 


outputs to tri-state and the 
retraction circuit to activate. This 
input also functions as a flag output 
and will go low in the event of an 
over-temperature condition. 
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ABSOLUTE MAXIMUM RATINGS 

Absolute maximum ratings are those values beyond which 
the device could be permanently damaged. Absolute 
maximum ratings are stress ratings only and functional 
device operation is not implied. 


Supply Voltage (pins 1,6,11).7V 

Voltage Pins 2,4,18,19,20.-0.3V to +7V 

Pins 14, 15.-0.3 to +\/cc 

Output Current.±750mA 

Retraction Current.80mA 

Retract set current (pin 3). 3mA 


Junction Temperature. 150°C 

Storage Temperature Range.-OS^'C to 150°C 

Lead Temperature (Soldering 10 sec.) .150°C 

Thermal Resistance (0ja) 

SOIC Package (S).55°CAV 

SSOP Package (R) .65°CAV 

OPERATING CONDITIONS 

Temperature Range..0°C to 70°C 

Supply Voltage (pins 1,11) ...5V ± 10% 

Vret (pin 6)...1V to Vqc 


ELECTRICAL CHARACTERISTICS 

Unless otherwise specified, Ta= Operating Temperature Range, V^c = 5V ± 10%, Rsense = 
CONTROL- (pin 15) = 2.5V, Rset (pin 3) = 3.7ka, Load = 10Q._ 


PARAMETER 

CONDITION 

MIN 

TYP 

MAX 1 

UNITS 

AMPLIFIER 

Control Common Mode Range 


0.5 


Vcc-1 

V 

Offset 




±10 

mV 

Transconductance Gain 

pin 4 = 2V 

238 

250 

263 

mAA' 


pin 4 = 0.8V 

39.6 

41.7 

43.8 

mAA 

Bandwidth 



100 


kHz 

Sinking saturation 

Iqut — 100mA 



0.5 

V 


Iqut “ 300mA 



0.6 

V 


Iquj = 500mA 



0.8 

V 

Sourcing saturation 

Iqut ~ 100mA 



1.1 

V 


Iqut ~ 300mA 



1.2 

V 


Iqut — 500mA 



1.3 

V 

RETRACTION CIRCUIT Vp,N20 = 0-8V, Vret = 2.5V 

Iret set 



0.75 


V 

Turn on time 



300 


ns 

Turn off time 



8 


ps 

Sink current (lpiNi 2 ) 

VpiNl2 = 0-4V 

34 

50 

150 

mA 

Source Voltage (Vp|N 7 ) 

lpiN 7 = —50mA 

0.4 

0.6 

0.8 

V 

POWER FAIL DETECTION CIRCUIT 

Reference Voltage 


1.35 

1.50 

1.65 

V 

Reference Source Impedance 



2.25 


kQ 

5V Threshold 


4.40 

4.575 

4.75 

V 

Hysteresis 


i_ 

30 


mV 


LOGIC INPUTS 


Voltage High (V|h) 


2 

1.4 


V 

Voltage Low (V|l) 



1.4 

0.8 

V 

Current High (I|h) 

V,n = 5V 



±10 

mA 

Current Low (1 |l) 

V||si = OV, except pin 20 

-40 

-10 


mA 


V|M = OV, pin 20 only 

-250 

-160 


mA 


CURRENT CONSUMPTION 


Pin 1 -E Pin 11 

VpiN14 = VpiNis = 2.5V 


10 

15 

mA 

Pin 6 

Vp,Ni4 = 2.5V , 


2.5 

5.0 

mA 
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ML4506 

FUNCTIONAL DESCRIPTION 

POWER AMPLIFIER 

The ML4506 power amplifier circuit is set up as a 
Howland Current source with a fixed gain of 1/4 or 1/24 
(set by driving pin 4 high or low respectively). This 
architecture yields minimal cross-over distortion while 
maintaining low output cross conduction currents. 

The gain figure refers to the ratio of input voltage to the 
output voltage seen across Rsense- Fof example/at a 1/4 
gain setting, with V(-) input at 2.5V and the V(+) input at 
3.5V, +500mA would flow through the coil using a 0.5Q 
sense resistor. Under the same conditions with pin 4 low, 
the current would be 83mA. The ability to change from 
low to high gain allows more complete utilization of DAC 
resolution when in the track follow mode. 

The output stage (figure 2) is designed to provide minimal 
saturation losses and employs a "composite PNP" for the 
sourcing drive and a saturable NPN to sink current. 
Sourcing saturation drop is typically 0.9V while sinking 
saturation drop is typically 0.4V. 


R1 



Figure 1. Power Amplifier Topology. 


POWER FAIL DETECT 

The ML4506 power fail detection circuit consists of a 
precision trimmed reference, resistor dividers, and a 
comparator with an effective hysteresis of 30mV. The 
output at pin 18 is open-collector and is normally tied to 
pin 1 which is internally pulled-up to 5V. 

RETRACT 

The retract circuit features provision for very low voltage 
operation as well as voltage limiting when a "live" retract 
with 5V on Vrej is performed. When pin 20 goes low, the 
internal NPN transistor will saturate, pulling SINK B 
(pin 11) low. A RETR OUT signal (open collector) 
saturates to drive an external PNP source transistor when 
pin 20 is low and when Vrej (pin 6) is below 3.5V. This 
portion of the circuit will function with less than 1V on 
Vret- 

An internal voltage limited pull-up circuit is provided 
which sources current on pin 7 to the VCM. This limit is 
set by an external resistor (see fig. 7) This circuit will 
operated reliably down to a Vret voltage of around 2.5V. 
Pin 20 (Retract input) also serves as a flag to indicate an 
over-temperature condition on the die and goes low when 
the die temperature exceeds a safe operating limit (about 
160°C). 


PWR VC 



Figure 2. Power Output Stage. 
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Figure 3. Output Saturation Voltage vs. Output Current. 
(Vcc = PWR VC = 5V) 


stopped: 5 Acquisitions 



Figure 4. Output Current: 

V|isi = 100Hz Sine Wave, lOOmAp.p 
Low Gain Mode (Vpi^ 5 = 0), Rsense ~ 0.5Q, R^ = 10^2. 


■feic stopped: 32 Acquisitions 




FREQUENCY (kHz) 


Figure 6 . Total Harmonic Distortion vs. Frequency. 
Low Gain Setting (Vpi^s = 0 ), Rsense = 1^^ Vim = 2.4Vp.p 
High Gain Setting (Vpi^s = 0 ), Rsense = Vi^ = 0.4Vp.p 



Rset 

Figure 7. Rset vs. Retract Source Voltage Limit. 


Figure 5. Output Current: 

V|N = 1kHz Sine Wave, lOOmAp.p 
Low Gain Mode (Vpi^ 5 = 0 ), Rsense “ 0.5^2, R^ = 10L2. 
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APPLICATIONS 


With no snubber (RS and CS) the bandwidth is limited to: 


COMPENSATION 

Figure 8 shows the equivalent AC circuit for the 
transconductance afnplifier. 



Figure 8. AC Equivalent Circuit for Current Amplifier, 
Voice Coil Motor (VCM) and Snubber. 


F . -_L / 2.414 ~ ■ 

271: V L(M) C(OUT) 

Since this is a second order system with L(M) and C(OUT) 
forming a resonant circuit, some damping is desirable to 
reduce ringing in the step response. This is accomplished 
with resistive snubber. The optimum value of R(S) occurs 
when the following condition is met: 

For a given C(S), setting R(S) to this value will minimize 
the ringing in the transient response. Larger values of R(S) 
will result in more ringing and more bandwidth. Smaller 
values of R(S) will result in more ringing and less 
bandwidth. R(S) should not exceed 300U. 

C(S) (snubber capacitor) values of between 200nF and IpF 
are usually necessary to acheive the desired reduction of 
ringing in the step response. At optimum value of R(S) 
larger values of C(S) further reduce the ringing but do not 
affect the bandwidth. 


The amplifier's current bandwidth is limited by CouT 

which varies with the vaiue chosen for Rsense response can be best done 

simulating the network in figure 8 with a computer 



Figure 9. Typical Application: ML4506 used with ML2341 8-bit DAC provides up to 12-bit effective resolution. 
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ORDERING INFORMATION 


PART NUMBER 

TEMPERATURE RANGE 

PACKAGE 

ML4506CS 

0°C to 70°C 

20-Pin SOIC (S20W) 

ML4506CR 

0°C to 70°C 

20-Pin SSOP (R20) 
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ML4508 


Low Saturation 5V Voice Coil Servo Driver 


GENERAL DESCRIPTION 

The ML4508 is a voice coil power driver intended for use in 
both High Performance 5V Hard Disk servo systems. The 
ML4508 contains all control circuitry necessary to drive the 
voice coils of most small drives. To maximize compliance 
voltage, the ML4508 includes two 1 Amp NPN drivers and 
provides drivers for external PNP transistors. In addition, 
power fail detection and a low voltage head retraction 
functions are provided for orderly shut-down of the drive. 

The transconductance programmed by a logic input at 1/4 
A/V and 1/24 A/V respectively, when using a IQ sense 
resistor. This allows for greater DAC resolution in digitally 
controlled servos during track follow without compromising 
dynamic range during seek. 

The retraction circuit, main drive circuit, and control circuits 
are each powered from separate supply pins. Retract is 
self-contained and allows the use of an external PNP for 5V 
systems to allow retraction with as little as IV of back EMF 
from the spindle. 

The power fail detection circuit includes a precision 1.5V 
bandgap reference and a power fail comparator. 


The ML4508 is implemented using Micro Linear's bipolar 
array technology. This allows for customization of the 1C . 
for a user's specific application. 

FEATURES 

■ Low saturation voltage (<1 V at 1 A.) 

■ No power supply blocking diode necessary 

■ No cross-over distortion with low quiescent current 

■ Pin-programmable transconductance settings 

■ Retraction circuitry with programmable retract voltage 
and separate power pin operates to IV 

■ On-chip precision power fail detect circuitry 

■ Over-ternperature protection with flag output 

■ Operates from +5V suppilies 


BLOCK DIAGRAM 
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ML4510 


5V Sensorless Spindle Motor Controller 


GENERAL DESCRIPTION 

The ML4510 provides complete commutation for delta 
or wye wound Brushless DC (BLDC) motors without 
the need for signals from Hall Effect sensors. This 1C 
senses the back EMF of the 3 motor windings (no 
neutral required) to determine the proper 
commutation phase angle using phase lock loop 
techniques. This technique will commutate virtually 
any 3-phase BLDC motor and is insensitive to PWM 
noise and motor snubbing. 

Included in the ML4510 is the circuitry necessary for a 
Hard Disk Drive microcontroller driven control loop. 
The ML4510 controls motor current with either a 
constant off-time PWM or linear current control driven 
by the microcontroller. Speed feedback for the micro 
is a stable digital frequency equal to the commutation 
frequency of the motor. All commutation is performed 
by the ML4510. Braking and Power Fail are also 
included in the ML4510. 

Since the timing of the start-up sequencing is 
determined by external circuitry, the system can be 
optimized for a wide range of motors and inertial 
loads. 


The ML4510 modulates the gates of external N-channel 
power MOSFETs to regulate the motor current. The 1C 
drives external PNP transistors or P-channel MOSFETs 
directly. Special circuits are used to save base drive 
power at low load currents. 

FEATURES 

■ Back-EMF Commutation Provides Maximum Torque 
for Minimum '"Spin-Up" Time for Spindle Motors 

■ Accurate, Jitter-Free Phase Locked Motor Speed 
Feedback Output 

■ Operates on Single 5V Power Supply 

■ Linear or PWM Motor Current Control 

■ Easy Microcontroller Interface for Optimized Start- 
Up Sequencing and Speed Control 

■ Power Fail Detect Circuit 

■ Drives External N-Channel FETs and PNP's or 
P-Channel FETs 


BLOCK DIAGRAM 
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PIN CONFIGURATION 


MU510 

28-Pin sole (S28W) 


GND CE 
PNP1 cn 
PNP2 im 
VCC2 CE 
PNP3 EC 
Cota EE 
OTA OUT EC 
OTA IN CE 
N1 EC 
N2 I 
N3 Cp 
KSENSE) I 
Cos I 
Cveo eel 


in 
m 
m 
in 
m 
in 
m 
m 
m 
m 
18 □□ 
17 m 
16 m 
15 ~n 


l(CMD) 

l(LIMIT) 

BRAKE 

Vec 

PH3 

PH2 

PHI 

l(RAMP) 

RC 

NC 

ENABLE E/A 
PWR FAIL 

reset 

VCO OUT 


PIN DESCRIPTION 


PIN tt 

NAME 

FUNCTION 

1 

GND 

Signal and Power Ground. 

2 

PNP1 

Drives the external PNP power 
transistor driving motor PHI. 

3 

PNP2 

Drives the external PNP power 
transistor driving motor PH2. 

4 

VCC2 

5V power. 

5 

PNP3 

Drives the external PNP power 
transistor driving motor PH3. 

6 

Cota 

Compensation capacitor for 
linear motor current amplifier 
loop. 

7 

OTA OUT 

Output of motor current error 
amplifier, normally connected to 
OTA IN or to external MOSFET 
gate. 

8 

OTA IN 

Driving voltage for N1-N3. 
Normally tied to OTA OUT 

9-11 

N1, N2, N3 

Drives the external N-channel 
MOSFETs for PHI, PH2, PH3. 

12 

KSENSE) 

Motor current sense input. 

13 

Cos 

Timing capacitor for fixed off- 
time PWM current control. 

14 

Cveo 

Timing capacitor for VCO. 

15 

VCO OUT 

Logic output from VCO. 


PIN tt NAME FUNCTION 


16 

RESET 

Input which holds the VCO off 
and sets the ML4510 to the 

RESET condition. 

17 

PWR FAIL 

A "0" output indicates 5V is 
under-voltage. , 

18 

ENABLE E/A 

A "1" logic input enables the 
error amplifier and closes the 
back-EMF feedback loop. 

19 

NC 

No Electrical Connection. 

20 

RC 

VCO loop filter components. 

21 

l(RAMP) 

Current into this pin sets the 
initial acceleration rate of the 
VCO during start-up. 

22 

PHI 

Motor Terminal 1. 

23 

PH2 

Motor Terminal 2. 

24 

PH3 

Motor Terminal 3. 

25 

VCC 

5V power supply. Terminal which 
is sensed for power fail. 

26 

BRAKE 

A "0" activates the braking 
circuit. 

27 

KLIMIT) 

Sets the threshold for the PWM 
comparator. 

28 

l(CMD) 

Current Command for Linear 
Current amplifier. 
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ABSOLUTE MAXIMUM RATINGS 

Absolute maximum ratings are those values beyond which the 
device could be permanently damaged. Absolute maximum 
ratings are stress ratings only and functional device operation 
is not implied. 


Supply Voltage (pins 4, 25) . 7V 

Output Current (pins 2, 3, 5, 9, 10, 11) . ±150mA 

Logic Inputs (pins 16, 18, 26) .-0.3 to 7V 

l(SENSE) Voltage (pin 12) . 0.9V 

junction Temperature . 150®C 

Storage Temperature Range . -65®C to +150°C 

Lead Temperature (Soldering 10 sec) . 150°C 

Thermal Resistance (0 ja) . 60°C/W 


OPERATING CONDITIONS 


Temperature Range .0°C to +70°C 

Vcc Voltage (pins 4, 25) . 5V + 10% 

l(RAMP) Current (pin 21) . 0 to 100/iA 

I Control Voltage Range (pins 27, 28) . OV to 3V 


ELECTRICAL CHARACTERISTICS 

Unless otherwise specified, Ta = Operating Temperature Range, Vcc = Vcc2 ^ Rsense = Cqta = Cyco = .01//F, 
Cos = .02//F 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Oscillator (VCO) Section (Mode 1 or 2 unless otherwise specified) 

Frequency vs. Vpi^ 20 

IV < Vp,N 20 ^ 3.5V 


670 


Hz/V 

Frequency 

Vvco = 2.5V 

830 

1675 

2500 

Hz 

Vvco = -SV 

120 

245 

350 

Hz 

Reset Voltage at Cyco 

Mode = 0 


125 

250 

mV 


Sampling Amplifier 


Vrc 

Mode 0 

j 

125 

250 

mV 

•rc 

Mode 1, Rramp ~ 39KQ 

16 

33 

50 

7/A 


Mode 2A, VpH 2 = 0.5V 

30 

60 

90 

M 


Mode 2A, VpH 2 = 2.5V | 

-6 

2 

6 



Mode 2A, VpH 2 = 4.5V 

-30 

-60 

-90 

/jA 


Motor Current Control Section 


l(SENSE) Gain 

VpiN 27 = 5V, OV < Vp,N 28 ^ 2.5V 

4 

5 

6 

V/V 

One Shot Off Time 


12 

25 

33 

fJS 

l(CMD) Transconductance Gain 



.19 


mmho 


Power Fail Detection Circuit 


5V Threshold 


3.8 

4.25 

4.5 

V 

Hysteresis 



70 


mV 


Logic Inputs 


Voltage High (V|h) 


2 



V 

Voltage Low (V|l) 




.8 

V 

Current High (I|h) 

V,N = 2.7V 

-10 

1 

10 

M 

Current Low (I|l) 

V|N = 0.4V 

-250 

-120 

-60 
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ELECTRICAL CHARACTERISTICS (Continued) 

Unless otherwise specified, Ta = Operating Temperature Range, Vcc = Vcc2 = 5V, Rsense = 10, Cqta = Cyco “ .01//F, 
Cos = .02^F 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Outputs 

l(CMD) = l(LIMIT) = 2.5V 





lpisjp Low 


50 

75 

100 

mA 

IpNP High 

Off State 

-100 


100 

//A 

Vn High 

Vp,N8 = 0.5V 

2.4 

3.1 

3.8 

, , V'. / 

V|v| Low 



.2 

.7 

V 

Ay Pin 8 to Vfsj 

VpiN 8 = 0-5V 

-3.0 

-3.75 

-4.5 

v/v 

LOGIC Low 

Iqut ~ 0.5mA 



.4 

V 

LOGIC Iqut High 



" " ■'' 5 


//A 

Supply Currents 

(N and PNP Outputs Open) 


•lmt == 2.5 V 

■cMD = OV 


Vcc Current (Pin 25) 



28 

40 

mA 

Vcc 2 Current (Pin 4) 



2 

5 

mA 


FUNCTIONAL DESCRIPTION 

The ML45I0 provides closed-loop commutation for 
3-phase brushless motors. To accomplish this task, a VCO, 
Integrating Back-EMF Sampling error amplifier and 
sequencer form a phase-locked loop, locking the VCO to 
the back-EMF of the motor. The IC also contains circuitry 
to control motor current with either linear or constant off- 
time PWM modes. Braking and power fail detection 
functions are also provided on chip. The ML45T0 is 
designed to drive external power transistors (N-channel 
MOSFET sinking transistors and PNP sourcing transistors) 
directly, and contains a special circuit to reduce PNP base 
currents when output current demand is reduced. 

Start-up sequencing and motor speed control are 
accomplished by a microcontroller. Speed sensing is 
accomplished by monitoring the output of the VCO, 
which will be a signal which is phased-locked to the 
commutation frequency of the motor. 


BACK-EMF SENSING AND COMMUTATOR 

The ML4510 contains a patented back-EMF sensing circuit 
which samples the phase which is not energized (Shaded 
area in figure 2) to determine whether to increase or 
decrease the commutator (VCO) frequency. A late 
commutation causes the error amplifier to charge the filter 
(RC) on pin 20, increasing the VCO input while early 
commutation causes pin 20 discharge. Analog speed 
control loops can use pin 20 as a speed feedback voltage. 

The input impedance of the three PH inputs is about 8KQ 
to GND. When operating with a higher voltage motor, the 
PH inputs should be divided down in voltage so that the 
maximum voltage at any PH input does not exceed VCC. 
See ML4411 data sheet for applications. 

VCO AND PHASE DETECTOR CALCULATIONS 

The VCO should be set so that at the maximum frequency 
of operation (the running speed of the motor) the VCO 



Figure 1. Back EMF Sensing Block Diagram. 
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0 60 120 180 240 300 0 

Figure 2. Typical Motor Phase Waveform with Back-EMF 
Superimposed (Ideal Commutation). 



Where the lead and lag frequencies are set by: 


control voltage will be no higher than VCCmin “ 1V. The 
VCO maximum frequency will be: 


®LEAD ^ 


RC 2 


Fmax =0.05 X POLES xRPM 

where POLES is the number of poles on the motor and 
RPM is the maximum motor speed in Revolutions Per 
Minute. 

The minimum VCO gain derived from the specification 
table (using the minimum Eyco Wco = 2.5V) is: 


®LAG = 


Q + Q 

RC 1 C 2 


Requiring the loop to settle in 20 PLL cycles with a spread 
of 10 between colead = 10 x colag produces the following 
calculations for R, Ci and C 2 : 


3.32x10-6 
RvCO(MIN) =-7:- 

Cvco 

Assuming that the Vvco(MAX) = 3.2V, then 


Cvco = 


3.2x3.32x10-6 

Fmax 


or 


1.97x10-9 

CvCOXF2^q 


C2 = 9 X Cl 
12.65 

QxFvco 


Cvco =- — -^lF 

POLES X RPM 

Figure 3 shows the transfer function of the Phase Lock 
Loop with the phase detector formed from the sampled 
phase through the Cm amplifier with the loop filtered 
formed by R, Ci, and C 2 . 

The impedance of the loop filter is 


Zrc (s) = 


1 (S + COleAd) 
CiS (s + COlag) 


START-UP SEQUENCING 

When the motor is intitially at rest, it is generating no 
back-EMF. Because a back-EMF signal is required for 
closed loop commutation, the motor must be started 
"open-loop" until a velocity sufficient to generate some 
back-EMF is attained (around 100 RPM). 

Two modes are possible for starting the motor. For the 
lowest possible starting time, the chip is held in the reset 
(mode R) state by holding pin 16 low and providing full 
current to the motor (figure 5). 


Cm = 1.25 X 10^ 


SAMPLED 

PHASE 



Figure 3. Back EMF Phase Lock Loop Components. 


Step 

Pin 

16 

Pin 

18 

Pin 

21 

l(LIMIT) 

KCMD) 

1 

0 

0 

Fixed 

•max 

2 ; 

1 

0 

Fixed 

■max 

3 

1 

1 

0 

Imax 


Figure 5. Minimum Time Start-Up Sequence. 
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Step 1 : The 1C is held in reset (mode R) with full power 
applied to the windings (see figure 7). This aligns the rotor 
to a position which is 30° (electrical) before the center of 
the first comrnutation state.: 

Step 2: A fixed current is input to pin 21 and appears as 
a currerit on pin 20, and will accelerate the motor at a 
fixed rate. 


Step 3: When the motor speed reaches about 100 RPM, 
the back-EMF loop can be closed by pulling pin 18 low. 

Using this technique, some reverse rotation is possible. 
The maximum amount of reverse rotation is 360/N, where 
N is the number of poles. For an 8 pole motor, 45° reverse 
rotation is possible. 
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SPEED CONTROL — CURRENT LOOP 

To facilitate speed control, the ML4510 includes two 
current control loops — linear and PWM (figure 8). The 
linear control loop senses the motor current on the 
l(SENSE) terminal through Rsense- An internal current 
sense amplifier's output modulates the gates of the 3 
N-channel MOSFET's when OTA OUT is tied to OTA IN, 
or can modulate a single MOSFET gate to control current. 

The ML4510 also includes a current mode constant off- 
time PWM circuit. When motor current builds to the 
threshold set on l(LIMIT) input (pin 27), a one-shot is fired 
whose timing is set by Cqs- The current in the motor will 
be controlled by the lower of pin 27 and pin 28. 


OUTPUT DRIVERS 

The motor's source transistor drivers are open-collector 
NPN's with internal 8Ki2 pull-up resistors, whose current 
is controlled according to the current demanded through 
the motor. To conserve power, the ML4510 sets the 
current to PNPl, PNP2, and PNP3, proportional to the 
lower of pin 27 and pin 28. 

Drivers N1 through N3 are totem-pole outputs capable of 
sourcing and sinking 10mA. Switching noise in the 
external MOSFETs can be reduced by adding resistance in 
series with the gates. 

BRAKING 

Applying a logic 0 on pin 26 activates the braking circuit. 
The brake circuit turns on PNPl through PNP3 and turns 
off NPN1 through NPN3. 



TO 

MOTOR 


Figure 8. Current Control and Output Drive. 



0 0.01 0.02 0.03 0.04 0.05 

C(OS) 

Figure 9.1 (LIMIT) Output Off-Time vs. Cqs- 



KCMD) (VOLTS) 

Figure 10. Available PNP Drive Current vs. I(CMD) Input. 
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APPLICATIONS 


Figure 11 shows a typical application of the ML4510 in a 
hard disk drive spindle control. Although the timing 
necessary to start the motor in most applications would be 
generated by a microcontroller, Figure 12 shows a simple 
"one-shot" start-up timing approach. 

Speed control can be accomplished either by: 

1. Sensing the VCO OUT frequency with a , 

Microcontroller and adjusting l(CMD) via an analog 
output from the Micro (PWM DAC). 


2. Using analog circuitry for speed control (Figure 13). 

Ql, Q2, and Q3 are MJE210 or equivalent. Q4, Q5, and 
Q6 are IRFU010 or equivalent. Base resistors (50Q) are 
included to reduce power dissipation in the IG during 
start-up. If requested currents are low, these can be 
eliminated. Switching transients due to commutation can 
be reduced by increasing the 470^^ gate resistors on 
Q4-Q6. 


VcC 2 


lOyuF 


L->to Vcc 


.1//F 


Ql 


470 

-AAAr— 


lOOOpF 




Q4 




0.5 > 


50 

-AAAr- 


Q2 


Q5 


LcH 


.0t//Fr 


.OOiif 


r 

I 

Vcc 


U1 

ML4510 


lO/zF^: =1= .1/«F 


1, 

GND 

KCMD) 28 

2 

PNPl 

KLIM) 27 

3 

PNP2 

BR^ 26 

4 

VCC2 

Vcc 25 

5 

PNP3 

PH3 24 

6 

Cota 

PH2 23 

7 

OTA OUT 

PHI 22 

8 

OTA IN 

l(RAMP) 21 

9 

N1 

RC 20 

10 

N2 

NC 19 

11 

N3 

EN E/A 18 

12 

l(SNS) 

PWR FL 17 

13 

Cos 

RESET 16 

14 

Cvco 

VCO OUT 15 



ENABLE ERROR AMP 
|-n —«(FROM MICRO) 

■> POWER FAIL TO MICRO 
RESET (FROM MICRO) 

-> VCO OUT 


X -Ol/wF 


Figure 11. ML4510 Typical Application. 
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TO ML4410 
PIN 28 



Symbol 

Value 

A1 

LM358 

Q1 

74HC14 

D1, D2 

1N4148 

R1 

1MQ 

R2 

1MO 

R3 

100KQ 


Symbol 

Value 

R4 

100KQ 

R5 

50KO 

R6 

50KO 

C1 

3.3//F 

C2 

3.3//F 

C3 

.47//F 


Figure 12. Analog Start-up Circuit. Figure 13. Analog Speed Control. 


ORDERING INFORMATION 


PART NUMBER 

TEMPERATURE RANGE 

PACKAGE 

ML4510CS 

0°C to +70°C 

28-Pin SOIC (S28W) 
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Micro Linear ^^ 4532 ^ ML4533, ML4536 

Servo Burst Area Detector 


GENERAL DESCRIPTION 

The ML4532 and ML4533 Area Detectors are designed 
to minimize the pipeline transport delay while 
accurately quantizing the area of servo bursts in high¬ 
speed embedded servo systems. Combined with the 
ML2261 or ML2264 High Speed A/D Converters, the 
ML4532 and ML4533 are designed to capture back-to- 
back servo bursts in a 700ns or larger window. Power 
dissipation is minimized by the use of a digital power 
down pin which allows the area detector to be 
powered down between the servo sectors. The ML4536 
is the ML4533 with different reference voltage levels. 

The ML4532 includes a PWM D/A for microprocessor 
control of the actuator driver, changing the REFagc 
voltage during head change, or other system control 
functions. 


FEATURES 

ML4532 

ML4533 

ML4536 

Package Options 

20-Pin PCC 

16-Pin 

16-Pin 


or SSOP 

SOIC 

SOIC 

Zero-Scale Ref. Output Voltage 

1.25 V 

1.25V 

1.0 V 

Full-Scale Ref. Output Voltage 

3.75V 

3.75V 

3.4V 

Reference Output Voltage 

2.5V 

2.5V 

2.2V 

PWM D/A Onboard 

Yes 

No 

No 


FEATURES 

■ Allows for Area Detection of ^^s back-to-back 
bursts 

■ ACC amplifier for maintaining accuracy 

■ 0.2% nonlinearity between 25% and 75% of input 
signal range 

■ 2% nonlinearity over the input signal range 

■ Provides zero- and full-scale outputs for A/D 
converter 

■ 5V supply, at 29mA for ML4533/ML4536, 35mA for 
ML4532 

■ Digitally controlled power down for minimizing 
power between sectors 

■ Bandgap Reference output 

■ ML4532 includes PWM D/A for controlling voice 
coil driver or AGC during head change 

■ ML4533/ML4536 available In 16.pin SOIC package 
ML4532 available in 20-pin PCC dr SSOP package 

■ Reference outputs defining the minimum and 
maximum demodulation output values 


TYPICAL APPLICATION 



Typical HDD Digital Servo Application 
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ML4532 BLOCK DIAGRAM AND PIN CONNECTION 


CaGC HagC 


Vcc REFagc 


20-Pin PCC 



MSBpwM 


ZERO X (14) 


d/Aout REFagc 
2.50VREF |i.25VrefI LSBrwm 



18 ] 3.75VREF 
17 ] PdN 
16 ^ MSBpwm 
15 ] CND 
14 ] ZERO X 


tpagc I IN- I Vcc 
Hagc IN+ 

TOP VIEW 

20-Pin SSOP 


1.25VREFC 
D/Aoutc 
2.50Vrefc: 
CPWMC 
RESETc 
10D OUTC 
Cagcc 
GATEC 
tPagcc 
Hagcc 



20 

19 

3 

18 

4 

17 

5 

16 

6 

15 

7 

14 

8 

13 

9 

12 

10 

11 


3 REFagc 
3 LSBpwm 
3 3.75VREF 
3Pdn 
3 MSBpwm 
3GND 
□ ZERO X 
3 Vcc 
3IN+ 

3 IN- 


ML4533/ML4536 BLOCK DIAGRAM AND PIN CONNECTION 

16-Pin SOIC (ML4533) 


Cagc Hagc 


Vcc REFagc 


ML4533/ML4536 



i.25Vref nr 

1 

16 

2.50VREF nr 

2 

15 

RESET nr 

3 

14 

DEMOD OUT nr 

4 

13 

Cagc or 

5 

12 

GATE nr 

6 

11 

tpagcoe 

7 

10 

Hagc nr 

8 



REFagc 
3.75VREF 
mPoN 
mGND 
m ZERO X 
30 Vcc 
ir]iN+ 

30 IN- 


16-Pin SOIC (ML4536) 


i.ovref cn: 

2.2VREF m: 
RESET nr 
DEMOD OUT nr 
Cagc 
GATEmd 
Hagc CEq 
tpagcI 


30 REFagc 
30 3.4VREF 
3r3 Pdn 
3DGND 
ZERO X 
Vcc 
po in-e 
bn IN- 
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PIN DESCRIPTION 

ML4533/ 

ML4532 ML4536 


PIN # 

PIN # 

NAME 

DESCRIPTION 

1 

1 

1.25Vref/ 

I.OOVref 

Zero scale reference 
output. 

2 


D/Aqut 

Analog output of PWM 
D/A. 

3 

2 

2.50VREF 

2.20VREF 

2.50 voltage reference 
output, 

4 


CpwM 

PWM D/A smoothing 
capacitor. 

5 

3 

RESET 

Reset, active high. 

6 

4 

DEMOD 

OUT 

Area detector output. 

7 

5 

Cacc 

AGC capacitor. 

8 

6 

GATE 

Defines area detect 
window, active high. 

9 

7 ■ 

TPagc 

Output test point for 
AGC. 

10 

8 

Hagc 

AGC hold Input, AGC 
active when high; AGC 
constant when low. 


ML4533/ 
ML4532 ML4536 


PIN # 

PIN # 

NAME 

DESCRIPTION 

11 

9 

IN- 

Negative input. 

12 

10 

IN+ 

Positive input. 

13 

11 

Vcc 

5V power supply. 

14 

12 

ZEROX 

Zero detector crossing 
output. 

15 

13 

CND 

Ground. 

16 


MSBpwM 

PWM D/A most significant 
bit input. 

17 

14 

Pdn 

Power down control, 
reduces power if logic 
high. 

18 

15 

3.75VREF 

3.40VREF 

Full scale reference 
output. 

19 


LSBpwM 

PWM D/A least significant 
bit input. 

20 

16 

REFagc 

ACC voltage reference. 


ABSOLUTE MAXIMUM RATINGS 

(Note 1) 


Power Supply Voltage, V^c • • • • ... 8V 

Input Voltage .... -0.3V to +8V 


Package Dissipation at = 25®C (Board Mount) 

20-Pin PCC . 875mW 

20-Pin SSOP . 750mW 

16-Pin SOIC ... 750mW 

Package Lead Temperature 

Soldering (10 sec) ...... 260°C 

Vapor Phase (60 sec) ... 215®G 

Infrared (15 sec) . 220°C 


OPERATING CONDITIONS 

Temperature Range . 0 to +70°C 

Supply Voltage (Vcc) ..... 5V ± 5% 

(l|N+) - (*IN-) 1Vp_p 

Cagg .—..... lOOpF 

REFagc .. 2.5V 

CpwM • ••• .. OW 

CHatDEMODOUT . lOOpF 
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ELECTRICAL CHARACTERISTICS 

The following specifications apply over the recommended operating conditions of = 0 to +70°C, Vcc = 4.75 to 
5.25y and external component values as recommended above, unless otherwise specified. 




, 


TVP 



PARAMETER 

NOTES 

CONDITIONS 

MIN 

(Note 2) 

MAX 

UNITS 


DEMODULATOR 


Differential Input Range 

3 

For Full Scale Output 

.25 


2 

Vp_p 

Differential AGC Range 

3 


0.8 


1.5 

v/v 

Differential Input Resistance 




4 


kO 

Differential Input Capacitance 




5 


PF 

Common Mode Input Resistance 




2 


kO 

Power Supply RR 




40 


dB 

Differential Nonlinearity 

5, 3 

25% to 75% of Full Scale 


.2 

2 

% 


5, 4 

Zero to Full Scale 


2 

5 

% 

DEMOD OUT Offset Current 


V|N = ±500mV 



20 

M 

Maximum DEMOD OUT Charge Current 

3 

GATE = High 

500 



IjA 

DEMOD OUT Leakage Current 

3 

GATE = Low 



+5 

M 

DEMOD OUT Reset Voltage (ML4532/33) 



1.15 

1.25 

1.35 

V 

(ML4536) 



0.9 

1.0 

1.1 

V 

DEMOD OUT Reset Current 


Discharge, RESET = High 

2.0 



mA 


AUTOMATIC GAIN CONTROL 


ACC Dynamic Range 

3 


2.5 



V/V 

AGC Output Swing 

3 


1 



V 

Cagc Charging Current 

3 


150 


250 

M 

Cagc Discharging Current 

3 


150 


250 


Cagc Leakage Current 

3 




5 



VOLTAGE REFERENCES 


1.25Vref Output Voltage (ML4532/33) 

' ^ 

Ta = 25‘>C 

1.20 

1.25 

1.30 

V 

3.75Vref Output Voltage (ML4532/33) 

3 

Ta = 25‘’C 

3.60 

3.75 

3.90 

V 

2.50Vref Output Voltage (ML4532/33) 

3 

Ta = 25*^0 

2.40 

2.50 

2.60 

V 

I.OVref Output Voltage (ML4536) 

3 

Ta = 25<'C 

0.95 

1.0 

1.05 

V 

3.4Vref Output Voltage (ML4536) 

3 

Ta = 25‘>C 

3.2 

3.4 

3.6 

V 

2.2Vref Output Voltage (ML4536) 

3 

Ta = 25“C 

2.05 

2.2 

2.35 

V 

Load Regulation 

3 

0mA < Iqut — 5mA 

-5 


■^5 

mV/mA 

Line Regulation 



-30 


+30 

mV/V 


DIGITAL AND DC 


Logical "0" Input Voltage 

3 




.8 

V 

Logical "1" Input Voltage 

3 


2.0 



V 

Logical "0" Input Current 

3 

V,N = 0.4V 



-1.5 

mA 

Logical ''1" Input Current 

3 

V,N = 2.5V 



+100 

M 

Logical "0" Output Voltage 

3 

ZERO X, louT = 1mA 



.5 

V 

Logical "1" Output Voltage 

3 

but = -1mA 

3.0 



V 

Supply Current ML4532 

3 

Pqn = Low 



45 

mA 


3 

Pqn = High 


11 

15 

mA 

ML4533/ML4536 

3 

Pqn = Low 



38 

mA 


3 

Phn = High 


5 

12 

mA 

Monotonicity 

4 


9 

10 


Bits 

LSB to MSB Ratio 

3 


16.0 

16.5 

18.0 

V/V 
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ELECTRICAL CHARACTERISTICS (Continued) 

The following specifications apply over the recommended operating conditions of = 0 to +70°C, Vcc = 4.75 to 
5.25V, and external component values as recommended above, unless otherwise specified. 






TYP 



PARAMETER 

NOTES 

CONDITIONS 

MIN 

(Note 2) 

MAX 

UNITS 


D/A CONVERTER (ML4532 Only) 


Output Voltage Swing 

3 

Rl = 5K 

1.25 


3.75 

V 

Logical "0" Input Voltage ■ 

3 




.8 

V 

Logical "1" Input Voltage 

3 


2.0 



V 

Logical "0" Input Current 

3 

II 

> 



■■ ■ 

mA 

Logical ''T' Input Current 

3 

V,H = 2.5V 



300 

M 


DYNAMIC AND AC PARAMETERS (Figures 1 and 2) 


fg, Burst Input Frequency 

4 


I 

1 


10 

MHz 

tcs/ Gate Edge Setup Prior to 

Burst i Zero Crossing 

4, 6 




30 

ns 

tRESET/ l^eset Pulse Width 

4, 6 

Ch < 200pF 

300 



ns 

tBzx/ Burst Zero Crossing to j 

ZERO X Output 

4, 6 

Cl = 50pF 

. 



25 

ns 

tpG, Power Down i to Gate t 

4, 5 



200 

400 

ns 


Note 1: Absolute Maximum Ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless otherwise 
specified are measured with respect to ground. 

Note 2: Typicals are parametric norm at 25°C. 

Note 3: Parameter guaranteed and 100% production tested. 

Note 4: Parameter guaranteed. Parameters not 100% tested are not in outgoing quality level calculation. 

Note 5: Linearity measured as a percentage of the midpoint between 25% to 75% of full scale. 

Note 6: Timing measured at 1.4V. 


0 l/is Ifjis i/JS 4/ys S/JS (ifjs 



Figure 1. ACC Burst Timing 
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““O’* rmjijijijnjij'ijn_n_ 

GATE ■►I ll-*-tGS tEs r-- 


_AREA/INTEGRArE_ 

A 


_ AREA/INTEGRATE 


3.75 V/3.4V 
2.50V/2.2 V 
1.25V/1.0V ‘ 


Figure 2. Burst Area Detect Timing 


TYPICAL PERFORMANCE CURVES 


Ta = 25'’C 

Ch = lOOpF 














) .25 .50 .75 1.0 1.25 1.50 1.75 

DIFFERENTIAL INPUT VOLTAGE (V) 

Figure 3. DEMOD Output Current vs. Input 


.50 .75 1.0 1.25 1.50 

DIFFERENTIAL INPUT VOLTAGE (V) 

Figure 4. Linearity vs. Input 
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ML4532, ML4533, ML4536 
1.0 FUNCTIONAL DESCRIPTION 

The ML4532, ML4533 and ML4536 are composed of an 
AGC amplifier, an area detector, and a band^gap 
reference with three buffered outputs. In addition the 
ML4532 (see Figure 5) includes a pulse width 
modulation D/A. The ML4536 is essentially the ML4533 
with a different set of reference voltages. 

1.1 INPUT AMPLIFIER AND AUTOMATIC GAIN CONTROL 

The inputs of the ML4532, ML4533 and ML4536 are 
intended for use at the output of the read channel 
filter, accepting a 0.25Vp_p to 2Vp_p signal range. The 
Input amplifier and AGC circuit of these area detectors 
operate in a differential signal mode to provide good 
common mode and power supply rejection. The 
purpose of the AGC loop Is to maintain a constant area 
detect value that correlates to the zero scale 
(1.25 Vref/'1-0Vref) and full scale (3.75Vref/3.4Vref) output 
values based upon the minimum and maximum burst 
value. The sensing for the AGC is at the output of the 
area detector, allowing signal ranging based on the area 
of burst rather than the signal level of the burst. The 
AGC is intended to be updated at every sector of servo 
position bursts such that the signal variances due to 
platter radius and differences in read channel data 
frequencies can be Corrected. The initial gain of the 
AGC circuit is established by the voltage applied to the 
REFagc input. 

In this closeddoop system, the area detected output 
voltage Is fed back and compared with the REFagc 
voltage in the Gm amplifier with a Gm of 1/4000 ohms, 
to provide a gain control current, charging and 

discharging Cago 

The AGC value is held constant by the hold function 
and is controlled by Hagc P'n- When Hagc is at a logic 
high the level of gain can change up or down and is 
held at a constant gain with a logic low input. 

A capacitor from ground to the Cagc pin holds the 
gain setting when Hagc is at a logic low level and the 
area detector output does not affect the gain setting in 
this mode. See figure 1 for the AGC burst timing. 

1.2 AREA DETECTOR 

The area detector provides a measurement of servo 
burst area during a time window beginning at the first 
falling zero crossing edge after the GATE input is placed 
in a logic high state and ends at the first falling zero 
crossing edge after the GATE input is placed in a logic 
low state. The Zero crossing output enables the user to 
time the gate pulse by counting zero crossings. The 
analog Input should be without open baseline by either 
keeping burst pulse spacing sufficiently close to avoid it 
or band limiting the signal. In most cases, both are 
necessary. 



a. May clock anywhere and give multiple transitions, 
not acceptable. 



b* Proper spacing. 



c. Band limiting. 

The value of the area measurement is held on the 
output hold capacitor (Ch) until the RESET line Is 
asserted. The RESET pin when placed in a logic high 
state for at least 300ns resets the area detector output 
to 1.25V which is the zero scale reference point and 
equals the voltage value on the 1.25Vref pin. See 
Figure 2 for position area burst detection timing. 

ZERO X Detector Output 

The output of the zero crossing detector (comparator) 
is provided for system synchronization. This signal is 
internally generated in ECL, but an internal ECL to TTL 
converter Is provided to simplify external interfacing to 
this signal. 

1.3 BANDGAP REFERENCE 

A 2.5V bandgap reference is Included on the ML4532 
and ML4533 and a 2.2V one in the ML4536, to set up 
internal biasing and establish the on-track reference 
level. This is also a buffered output. Full-scale (Vref+) 
and zero scale (VrefJ outputs are derived and buffered 
from the bandgap to simplify the interface to A/D 
converters, such as the ML2261 or ML2264. The 1.25Vref 
pin is tied directly to the Vref- pin of the A/D 
converter and with a 5100 resistor to ground. The 
3.75Vref pin is tied directly to the Vref+ pin of the high 
speed A/D converter. The ML4536 offers a I.OVref and 
3.4Vref for interface with the A/D converter on the 
Zilog type microcontroller devices. 
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1.4 PWM D/A OF THE ML4532 

A D/A is included on the ML4532 for driving the VCM 
driver to position the head or for any other desired 
system error compensation, such as processor- 
controlled AGC set point during head change. This is a 
PWM D/A and requires a pulse width modulation logic 
signal from the microcontroller signal to be applied to 
the MSBpwM LSBpwM P'ns. The buffered and 
filtered output appears at the (D/A OUT) pin. This 
output voltage swing is centered around the 2,5 Vref P‘n 
(2.5V). The end-points of the D/A output are defined by: 


PWM DAC Output Description: 


Range Point 

Duty Cycle at 
MSBpwm kSBpwM 

Voltage 

Output 

"Negative" Full-Scale: 

0% 

0% 

1.094V 


0% 

100% 

1.250V 


100% 

0% 

3.594V 

"Positive" Full Scale: 

100% 

100% 

3.750V 


The D/A is designed for 8-bit binary coding with the 
MSB weighted 16 times the LSB. The MSBpwM ^nd 
LSBpwM inputs are negative true in that if these inputs 
are in a low state for 100% of the time the D/A output 
will be 1.094 volts and if are held in a high state for 
100% of the time the output will be at 3.75 volts. The 
D/A output voltage is 1.25 volts if the MSBpwM input 
pulse width has a 1/16 or 6.25% positive duty cycle and 
the LSBpwM's in a constant low state or If the MSBpwm 
input is held in a low state and the LSBpwM input is 
held in a high state. The output voltage range that Is 
controlled by the MSBpwm input Is 2.5 volts and the 
LSBpwM input controls 156mV. The time constant for 
the PWM smoothing filter Is approximately 3kQ x 
CpwM- The external capacitor (Cpwm) should be made 
sufficiently large to smooth out the PWM ripple. 
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Figure 5. ML4532 Functional Block Diagram 
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Figure 6. Typical Application ML4533/ML4536 
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Figure 7. ML4532 Application Timing with ML2261 A/D Converter 


Micro Linear 


5-177 






M14532, M14533, ML4536 
ORDERING INFORMATION 


PART NUMBER 

TEMP. RANGE 

PACKAGE 

ML4532CQ 

0°C to +70°C 

MOLDED PCC (Q20) 

ML4532CR 

0°C to +70°C 

MOLDED SSOP (R20) 

ML4533CS 

0°C to +70‘’C 

MOLDED SOIC (SI6) 

ML4536CS 

O'C to +70°C 

MOLDED SOIC (S16) 
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ML4534 


Area Detector Based 
Embedded Servo Demodulator 


GENERAL DESCRIPTION 

The ML4534 Embedded Servo Demodulator 1C is 
designed for use in the hybrid data surface channel of an 
high-performance disk drive. Hybrid data are interleaved 
on the data surface with data records and encoded in A/B 
differential burst format with a ACC field preceding the 
burst information. The ACC field is used by the read 
channel to set ACC gain levels in the burst area, which 
once established are held fixed for the duration of the 
servo burst. The demodulator measures burst amplitude 
using an area detection scheme, for improved noise 
immunity and provides both (A-B) and (A-i-B), to permit 
position error normalization with on-chip synchronization 
and reset functions. Using the SEL and CARR inputs the 
on-chip multiplexer allows selection of either (A-B) or 
(A+B) as the output. The multiplexer and area detection 
capacitors operate in concert to provide a hold capability 
for both the (A-B) and (A+B) outputs. Also included is an 
uncommitted operational amplifier which could be used 
for voice-coil motor current sensing. 


BLOCK DIAGRAM 

OPINN OPINP OPOUT 



RESET ZEROX GATE RESETFF 


FEATURES 

■ Allows for Area Detection of back-to-back bursts 

■ 2% nonlinearity over input signal range 

■ Reset forces voltage on the Area Detecting capacitors 
Cadd to Vref & Cads to Vref/2 

■ Separate Reset provided for Resync Flip-Flop 

■ Muxed/Selectable (A-B) & (A+B) demodulator output 

■ General purpose operational amplifier, applicable for 
use in voice coil motor current sensing 

■ 5V supply, 20-pin, J-leaded, PLCC package 
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ML4534 

PIN CONNECTION 


PIN DESCRIPTION 



PIN 

NO. NAME FUNCTION 

1 VAGC Gain Control input on the VGA 

2 VAGCTP Test point connected through an 

isolation resistor to the output of the 
VGA 

3 RESET Asserting this input pin resets the area 

detector (DIEF) to Vref (+2.5V) and 
the area detector (SUM) to Vref/2 

4 HYBOUT Output of the multiplexing amplifier, 

with Vref/ (A-B) or (A+B) area detector 
output, depending on the state of the 
SEE & CARR pins. 

5 Vref +2.5V reference voltage input. 

8 CHSUM the (A+B) area detector integrating 

capacitor is connected between this 
pin and the ground. 

7 Vcc +5 Volt supply 

6 CHDIFF The (A-B) area detector integrating 

capacitor is connected between this 
pin and the ground. 

9 GND Ground 

10 RESETFF Active high signal resets the resynch 

flip-flop 

11 SEE This pin in conjunction with the CARR 

pin, governs the multiplexer channel 
selection as follows : 

SEE CARR Mux Channel 

0 X Vref 

1 0 (A-B) 

1 1 (A+B) 

12 CARR Asserting this pin high inverts the 

carrier input of the (A-B) area detector. 
CARR should be asserted throughout 
the B burst of the A/B burst pair. While 
the CARR pin is asserted, the (A-B) 


PIN 

NO. NAME FUNCTION 

12 (Cont.) area detector integrates the B burst in 

a direction opposite to that in which 
the A burst is integrated, thus realizing 
the (A-B) differencing operation. 
Carrier polarity in the (A+B) Area 
Detector is not affected by the state of 
the CARR pin. CARR pin in 
conjunction with the SEE pin, selects 
the multiplexer output. 

13 ZEROX This is the output of the Carrier 

Comparator. +ZEROX is a nominally , 
square wave having transitions 
coinciding with zero crossings of the 
output VGA. 

14 GATE Asserting this line enables the (A+B) 

and (A-B) area detectors to measure 
area of the output signal of the VGA. 
This signal is re-synchronized to the 
area detector carrier internally before 
application to the area detectors. 

15 OPOUT Optional operational amplifier (short 

circuit protected) output. 

16 OPINN Optional operational amplifier 

inverting input. 

17 OPINP Optional operational amplifier non¬ 

inverting input. 

18 GND Ground 

19 VGAINP VGA non-inverting input. Inputs 

should be AC coupled 

20 VGAINN VGA inverting input. Inputs should be 

AC coupled 

NOTE: The value of the CHSUM capacitor should be 
roughly twice that of the CHDIFF capacitor. It is also 
advisable to include a small resistor in series with the 
capacitor on the CHSUM pin and also the CHDIFF pin, to 
improve settling time. 
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ABSOLUTE MAXIMUM RATINGS 

DC Supply Voltage (Vcc).-0-3 to + 7 VDC 

Storage Temperature (Tsjg) ..-65 to +150°C 

Package Dissipation 

Ta = 25°C (Board Mount).875mW 

Package Lead Temperature; 

Soldering (10 sec) .260°C 

Vapor Phase (60 sec).215°C 

Infrared (15 sec).220°C 


RECOMMENDED OPERATING 
CONDITIONS 


DC Supply Voltage Range (Vcc) .5 ± 5% VDC 

Temperature Range.0 to +70°C 

Operating Junction Temperature (Tj).+25 to +125°C 


ELECTRICAL CHARCTERISTICS 

The following specifications apply over the recommended operating conditions of Ta = 0 to +70°C, Vcc = 4.75 to 5.25V, 
and external component values as recommended, unless otherwise stated. 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNIT 

Icc 

VACC = 4.0V, Vref = 2.5V 

20 

40 

60 

mA 

IVREF 

Vref = 2.5V 

-50 

25 

200 

pA 

GATE, CARR, SEL, 

Eor all signals in test program 

V,H 



2.0 

V 

RESET, RESETEE 


V,L 

0.8 



V 

GATE, CARR, SEL, 

Eor V|H = 2.4V 

l|H 

-250 


-10 

pA 

RESET, RESETEE 

and V|L - 0.8V 

l|L 

-400 


40 

pA 

VGAINPDC (VINP) 

VGAINP, VGAINN open 

2.3 

2.5 

2.7 

V 

VGAINNDC (VINN) 

VGAINP, VGAINN open 

2.3 

2.5 

2.7 

V 

VohZEROX , 

VGAINP = 3.5, loH =-0.4mA 

VGAINN = 1.5V 

2.7 


5.0 

V 

VolZEROX 

VGAINN = 3.5, loL = 2.0mA 

VGAINP = 1.5V 

0 


0.5 

V 


OPERATIONAL AMPLIFIER USED FOR MOTOR CURRENT SENSING 


Ibias Offset 

OPINN = OPINP= 1.0V 

-200 


200 

nA 

Vos - MCS 

Av = 2.0,V|n = 0 

-15 


+15 

mV 

Voh-MCS 

Av = 2.0, V,N =-1.0, IsRc = -1 •5mA 

3.8 


5.0 i 

V 

VoL - MCS 

Ay ~ 2.0, Viisj =^ .0, lsiNK~ ^ .5mA 

0 


1.0 

V 

Isink-MCS 

Openloop, OPINP = O.OV 

OPINN = 1.0, OPOUT = Vcc 

1.5 


10 

mV 

Ibias - MCS 

OPINN = 1.0, OPINP =1.0 
(lOPINN + IOPINP)/2 

-2.0 


0.0 

pA 

Amplifier Settling Time (tsMcs) 

I^OUT = 604Q, Cqut = 36pF 


0.4 

1.0 

ps 

Amplifier Bandwidth 


4 

8 


MHz 

Amplifier Gain (Av) 

Open Loop 

58 

63 

_ 1 


dB 


AGC 


Av-VGAMIN 

Minimum Gain of AGC with 

400mV input 

0 

1 

1.1 

VA^ 

Av - VGAMAX 

Maximum Gain of AGC with 

10OmV input 

6.6 


20 

VA/ 

VAGCBIAS 

VAGC =1.0 

0 


200 

pA 
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ML4534 


ELECTRICAL CHARCTERISTICS (Continued) 


PARAMETER | 

CONDITIONS 

MIN 

TVP 

MAX 

^ UNIT 

RESET CIRCUITRY 

IRESETSUM, DIFF 

RESET = ViH 

80 


400 

pA 

lOFFSUM, DIFF 

RESET = V|L 

-10 


10 

nA 

VCH SUM RESET = ViH 

1.245 

1.260 

1.275 

V . 


VCH DIFF RESET = V|H 


2.490 

2.5 

2.510 

; V 

I SUM, DIFF UNBAL 

GATE = V,H, CLOCK, IV swing VAGC 
TX, Measure Current witFi VGAINP = 
VINP-h0.2 and VGAINN = 

VINN - 0.2, tFien do VGAINP = 
VINP-0.2 and VGAINN = 

VINN + 0.2, Subtract 

-40 


40 

1 pA 

I DIFF UNBALXOR 

CARR = V|H 

-40 


-^40 

pA 

I PEAK SUM 

VGAINP = VINP-h 1.0 

VAGC = 1.0 

-540 

-400 

-265, 

'PA ‘ 

I PEAK DIFF P 

VGAINP = VINP +1.0 

VGAINN = VINN-1.0 

VAGC = 1.0, CARR = V|L 

-540 

-400 

-265' 

1 pA 

I PEAK DIFF ON 

VGAINP = VINP-t-1.0 , 

VGAINN = VINN-1.0 

VAGC = 1.0, CARR = Vih 

265 

400 

540 

pA 

VOH SUM 

VGAINP = VINP-r-1.0 

VGAINN = VINN-1.0 

3.9 


5.0 

V 

VOH DIFF 

VGAINP = VINP +1.0 

VGAINN = VINN-1.0 

CARR = V|L 

3.9 


5.0 

V 

VOL DIFF 

VGAINP = VINP-h 1.0 

VGAINN = VINN - 1.0 

CARR = V,h 

0.0 


1.0 

V 

IGATE 

GATE = ViH, CLOCK, 

VAGC1X, VswiNG = 1.0 

-10 


TO 

nA 

IRESETFF 

RESETFF-V,h 

-10 


10 

nA 
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ELECTRICAL CHARCTERISTICS (Continued) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNIT 

MUX AMPLIFIER 

VHYBOUT 

CARR = V|L, SEL = V,L 

2.4 


1 

2.6 

V 

VOS MUX SUM 

CARR = SEL = V,H, 

CHSUM = 2.5 

-8 


8 

mV 

VOS MUX DIFF 

CARR = V,l, SEL = V|h, 

CHDIFF = 2.5 

-8 


8 

mV 

IBIASSUM 

CARR = SEL = V,H, 

CHSUM = 2.5 

0 


300 

nA 

IBIASDIFF 

CARR = VIL, SEL = V,h, 

CHSUM = 2.5 

0 


300 

nA 

VOHMUX 

CARR = SEL = V|H 

CHSUM = 3.95, lsRc= 1.5mA 

3.8 


5.0 

V 

VOLMUX 

CARR = V|l/SEL = V,H 

CHDIFF = 0.95, Isink= 1.5mA 

0 


1.0 

V 

ISINKMUX 

CARR = V|L, CHDIFF = 0.95 

SEL = V|H, VHYBOUT = Vcc 

1.5 


10 

mA 

Amplifier settling time (tsMUx) 

R^OUT = 604Q, CouT = 36pF 


0.4 

1 

ps 

Ileakage 

1 


10 

nA 


Linearity 

0 to 1 V|nput/ with VAGC such 
that Av VAGC = 1.0 

■ -5 


5 

%F.S 
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FUNCTIONAL DESCRIPTION 

The ML4534, +5V Embedded Servo Demodulator 1C is 
designed for use in the hybrid data surface channel of an 
high-performance disk drive. Hybrid data are Interleaved 
on the data surface with data records and encoded in A/B 
differential burst format, with an AGC field preceding the 
burst information. The AGC field is used by the read 
channel to set AGC gain levels in the burst area, which 
once established are held fixed for the duration of the 
servo burst. The demodulator measures burst amplitude 
using an area detection scheme, for improved noise 
immunity and provides both (A-B) and (A-hB), to permit 
position error normalization. Using the SEL and CARR 
inputs, the on-chip multiplexer allows selection of either 
(A-B) or (A+B) on the output. The multiplexer and area 
detection capacitors operate in concert to provide a hold 
capability for both the (A-B) and (A+B) outputs. The area 
detectors are designed to minimize the pipeline transport 
delay while accurately quantizing the area of servo bursts 
in high speed hybrid servo systems. The major functional 
blocks of the ML4534 are briefly discussed below. 

VARIABLE GAIN AMPLIFIER 

Hybrid servo burst data from the disk read channel are 
capacitively coupled into the VGA through the differential 
input pins (VGAINP, VGAINN). VGA gain is controlled by 
the voltage on the VAGC pin, and the gain is varied in 
order to secure constant area of the output signal and 
counteract the amplitude regulating operation of the read 
channel AGC loop. 

VGABUF COMPARATOR 

The VGABUF comparator detects zero crossings of the 
composite signal delivered by the VGA. The output of this 
comparator controls the synchronous rectification of the 
composite VGA output, in the area detectors. 

The comparator output is provided at a TTL level on the 
ZEROX pin. Control logic in the servo channel employs 
the ZEROX signal to produce an area detector enabling 
gate, which spans a fixed number of cycles of the 
composite signal. 

AREA DETECTORS (SUM AND DIFF) 

The area detectors detect A and B burst levels by area 
detection. Two area detectors are provided — one to 
measure the sum of A and B bursts (A+B), and a second 
one to measure the difference (A-B). Each area detector is 


implemented as a gated current — output synchronous 
rectifier driving an external charge accumulating 
integrating capacitor. Area detection occurs only while the 
area dettoot is enabled under control of the GATE pin. 
When the detector is disabled, the integrating capacitor is 
effectively floated. An on-chip binary (FF) re-synchronizes 
the gating signal to remove any phase shifts due to logic 
delays in the external gate control logic. Initial conditions 
on the integrating capacitors are established prior to an 
area detecting operation by a reset circuit controlled by 
the RESET pin. A reset operation forces the voltage on the 
area detecting capacitors to equal the 2.5 volts applied on 
the Vrep pin. Determination of the burst difference (A-B) 
is accomplished under control of the CARR pin, by 
inverting the phase of the carrier input to the second area 
detector, while the burst B is being detected. The inversion 
Is performed by an XOR gate. Accordingly (A-B) is bipolar 
relative to Vref, while (A+B) is unipolar. 

MULTIPLEXER AMPLIFIER 

The multiplexer amplifier drives the HYBOUT pin and 
allows sequential interrogation of the (A-B) and (A+B) 
measurements, the results of which are stored on the 
external integrating capacitors. The amplifier is 
implemented as two independently selectable input 
stages, driving a common output structure, to form a 
voltage follower. To minimize the droop of the (A-B) and 
the (A+B) measurements, both input stages are biased off 
during periods when neither measurement is required to 
be routed to the HYBOUT pin. The SEE and CARR pins 
govern multiplexer channel selection through a decoding 
network. 

Figure 1 shows a typical hybrid servo system application 
diagram for the ML4534 and also illustrates waveforms 
characteristic of a hybrid demodulator in a typical 
application. 

OPERATIONAL AMPLIFIER 

USED FOR MOTOR CURRENT SENSE 

This general purpose operational amplifier is intended for 
use as a differential to single-ended convertor and level 
shift stage. It performs voice coil motor current sensing by 
monitoring the voltage developed differentially across 
current sense resistors, on the ground side of the voice 
coil power driver bridge. 
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Figure 1. A Typical Servo System Application with the ML4534. 
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Figure 2. Illustrative Waveforms 


ORDERING INFORMATION 


PART NUMBER 

TEMPERATURE RANGE 

PACKAGE 

ML4534CQ 

0°C to +70°C 

20-Pin Molded PLCC (Q20) 
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ML4535 


Area Detection Based Hybrid Servo Demodulator 


GENERAL DESCRIPTION 

The ML4535 is a bipolar monolithic hybrid servo circuit 
that provides area measurement demodulation of both the 
continuous servo surface { dedicated servo ) and the 
sectored servo data ( embedded servo ) information in a 
high performance '"hybrid servo" based disk drive. It 
operates on a single +5V supply and is intended to 
interface to a moderate speed, successive approximation 
ADC, with multiplexed inputs and sample and holds, like 
the ML2377 family. 

The area detectors are designed to minimize the pipeline 
transport delay while accurately quantizing the area of 
servo bursts in high speed servo systems. The data surface 
(embedded) servo demodulator section of the ML4535 
consists of Sum and Difference area detectors along with 
an AGC control loop, so that the amplitude control 
function is self contained on the chip. The continuous 
(dedicated) servo demodulator section of the ML4535 
consists of a variable gain amplifier, variable frequency 
oscillator and four synchronous detectors. 

The ML4535 provides a high level of integration for 
designing the complex Hybrid Servo systems becoming 
popular in disk drives requiring very high bit and track 
densities. 


FEATURES 

■ Allows for area detection of back-to-back bursts 

■ 2% non-linearity over the input signal range 

■ Single +5 volt operation 

■ Internal 2.5V bandgap reference with reference output 

■ Seperate ACC control loop for data surface and servo 
surface demodulator sections. 

■ Data surface amplitude control self contained on chip 

■ Data surface demodulator has muxed/selectable (A-B) 
and (A+B) outputs. 

■ Four synchronous area detectors onboard for 
implementing the continuous servo demodulator. 

■ Available in 32-pin PLCC package 

■ Future availability in 32-pin TQFP package. 


BLOCK DIAGRAM 
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PIN CONNECTION 


ML4535 

32-Pin PLCC 
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PIN DESCRIPTION 


PIN# 

NAME 

FUNCTION 

29 

DCRCAP 

DC Restore capacitor input 

30 

DSINP 

Differential input to AGC from 

31 

DSINN 

Continuous (dedicated) servo 
surface. Inputs must be AC coupled 

8 

SELDET 

Select signal for synchronous 
detectors 1 or 2 

2 

CLK3 

Clock for Area Detectors 1 & 2 

7 

CLK1 

Clock for Area Detector 3 

1 

CLK2 

Clock for Area Detector 4 

4 

RT 

Pins to connect a resistor/capacitor 

5 

CT 

network for setting the center 
frequency of the internal VCO; R 
from RT to CT, C from CT to Vqc 

6 

VCOOUT 

VCO clock output 

3 

VCOIN 

Pin for connecting the loop filter for 
the PLL 

32 

SYNC 

Servo frame sync signal output 

28 

DSSUM 

Pin for connecting the filter for the 
AGC loop 

27 

DSDIFF2 

Area Detector #2 (C,D) or the Q 
output 

23 

VREF 

2.5V Bandgap reference output 

26 

DSDIFF1 

Area Detector #1 (A,B) or the N 
output 

19 

VAGCTP 

Test point connected through an 
isolation resistor to the output of the 
VGA 

16 

VAGCCAP 

AGC Loop Filter/Hold Capacitor 

20 

AGCEN 

AGC enable pin, defines area detect 
window 

15 

VAGCREF 

AGC voltage reference 

18 

RDINP 

Differential input to VGA from Data 

17 

RDINN 

surface (embedded servo). Inputs 
must be AC coupled. 

10 

RESET 

Asserting this input pin resets the 


Area Detector (DIFF) to VREF 
(+2.5V) and the Area Detector 
(SUM) to VREF/2 


PIN# NAME FUNCTION 

13 MUXSEL This pin in conjunction with the 

MUXEN pin governs the multiplexer 
channel selection as follows: 
MUXSEL MUXEN MUX CHANNEL 
0 X VREF 

1 0 Difference (A-B) 

1 1 Sum(A+B) 

14 MUXEN Asserting this pin inverts the carrier 

input of the Difference (A-B) area 
detector. MUXEN should be 
asserted throughout the B burst of 
the A/B burst pair. While this pin is 
asserted, the Difference (A-B) area 
detector integrates the B burst in a 
direction opposite to that in which 
A is integrated, thus realizing the 
(A-B) operation. Carrier polarity in 
the (A-i-B) area detector is not 
affected by the state of the MUXEN 
pin. This pin along with the 
MUXSEL pin, also selects the 
multiplexer output. 

12 ZEROX This is the output of the carrier 

comparator, nominally a square 
wave having transitions coinciding 
with zero crossings of the VGA 
output. 

11 GATE Asserting this pin defines the (A+B) 

and (A-B) area detect windows, to 
measure the area under the curve of 
the VGA output. This signal is 
resynchronized to the area detector 
carrier internally before application 
to the area detectors. 


25 

MUXOUT 

Output of the multiplexer with (A-B) 
or (A-i-B) output 

21 

RDSUM 

The (A-fB) area detector integrating 
capacitor is connected here. 

22 

RDDIFF 

The (A-B) area detector integrating 
capacitor is connected here. 

24 

GND 

Ground pin 

9 

VCC 

+ 5V supply 
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ABSOLUTE MAXIMUM RATINGS 


DC Supply Voltage (VCC) ..-0.3 to +7 VDC 

Package Dimension, TA = 25°C 

(board mount).TBD mW 

Package Lead Temperature 

Soldering (10 sec)..260°C 

Vapor Phase (60 sec).215°C 

Infared (15 sec).220°C 

Storage Temperature (tstg).-65 to +150°C 


OPERATING CONDITIONS 


DC Supply Voltage (VCC)..5+/-10% VDC 

Temperature Range.0 to +70°C 

Operating Junction Temperature (Tj)..+25 to +125 “C 


ELECTRICAL CHARACTERISTICS 


PARAMETER 

CONDITIONS 

MIN 

TYP. 

MAX 

UNITS 

DC CHARACTERISTICS 

ICC Supply Current 

VAGCCAP = 4.0V 

60 

80 

110 

mA 

Bandgap Reference voltage, VREF 


2.45 

2.5 

2.55 

V 

VIH 

ForCLKI, CLK2, CLK3 

SELDET, GATE, MUXEN, 

MUXSEL, AGCEN 



2.0 

V 

VIL 

ForCLKl,CLK2, CLK3 

SELDET, GATE, MUXEN, 

MUXSEL, AGCEN 

0.8 



V 

IIH 

ForCLKl,CLK2, CLK3 

SELDET, GATE, MUXEN, 

MUXSEL, AGCEN 

-40 


-h40 

pA 

IIL 

ForCLKl,CLK2, CLK3 

SELDET, GATE, MUXEN, 

MUXSEL, AGCEN 

-400 


10 

pA 


AGC ( for dedicated servo ) 


DSINPDC, DSINNDC 

open 

2.4 


2.6 

V 

AvAGC min 

Voltage gain from input to test point 

DSSUM = 4.0V, 

Measure DSDIFF1 

DSINP- DSINN = 0.5V 

, . 


0.4 

VA/ 

AvAGC max 

DSSUM = 1 .OV 

DSINP-DSINN = 10 mV 

75 



WN 

DCRHIGH 

(DCR CAP VOLTAGE) 

DSSUM = 1 .OV 

DSINP - DSINN = 7mV 

3.0 

3.3 


V 

DCRLOW 

(DCR CAP VOLTAGE) 

DSSUM = 1 .OV 

DSINN-DSINP = 7 mV 

2.3 

2.5 

2.7 

_ 1 

V 


AREA DETECTOR 1 and 2 


DSDIFF HI 1 

SELDET = VIH 

3.2 



V 

DSDIFF L0 2 

DSINP - DSINN = 0.1 

DSSUM = IV, CLK3=VIH 



1.1 

V 

DSDIFF LO 1 

CLK3 = VIL 



1.1 

V 

DSDIFF HI 2 


3.2 



V 
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ELECTRICAL CHARACTERISTICS 


PARAMETER 

CONDITIONS 

MIN 

TYP. 

MAX 

UNITS 

AREA DETECTOR 1 and 2 (cohtinued) 

DSDIFF HI R1 

DSINN-DSINP = 0.1 

3.2 



V 

DSDIFFLOR2 

CLK3 = VIL 



1.1 

V 

DSDIFF LO R1 

DSINN-DSINP = 0.1 



• 1.1 

V 

DSDIFF HI R2 

CLK3 = VIH 

3.2 



V 

DSDIFF UNSEL 1,2 . 

DSINP-DSINN = 1.0V 

1.8 


2.e. 

, . V, , 

DSDIFF OFF 

DSINP - DSINN = OV 

1.8 


2.6 

V 


AREA DETECTOR 3 


SYNC LO 

CLK1 =VIH, IIL = 1.6 mA 

DSSUM = 1 .OV 

DSINN-DSINP = 0.1 


0.25 

0.5 

V 

SYNC HI 

CLK1 = VIH, IIH= -0.4 mA 

DSSUM = 1 .OV 

DSINN-DSINP = 0.1 

2.4 



- V 

1 DSSUM LO 

DSINN-DSINP = 0V 

60 

68 

200 

pA 

1 DSSUM HI 

CLK1= VIH, DSSUM= 1 V 

DSINP-DSINN = 0.1 

-10 

-30 

-100 

pA 


AREA DETECTOR 4, VCO 


1 VCOIN HI 

CLK2= VIH, DSSUM= 1 V i 

DSINP-DSINN = 0.1V 

-200 


-60 

pA 

IVCOINLO 

CLK2 = VIL 

60 


200 

pA 

VCO HI 

CT = 4.0V, VCOIN= 4.0V 

2.5 

0 


V 

VCO LO 

CT = 1 .OV, VCOIN = 1 .OV 


0.25 

0.5 

V 







RDINPDC, RDINNDC 

open 

2.3 

2.5 

2.7 

V . 

VOH ZEROX 

RDINP- RDINN = 2.0V 
lOH = -0.4 mA 

2.4 



V 

VOL ZEROX 

RDINP-RDINN = 2.0V 

IOL = 2.0 mA 



0.5 

_1 

V 


ACC (for embedded servo) 


VAGCTP 

RDINP-RDINN = 2.0 V 

VAGC = 1.0V 

2.4 


3.6 

V 

Av VGA MIN 

RDINP - RDINN = 1.0 V 

VAGC = 4.0V 



0.5 

VA/ 

Av VGA MAX 

RDINP-RDINN = 0.4 V 

VAGC = 1.0 V 

2.0 



VA^ 

VAGCBIAS 

XAGC = 1.0 V 

0 


200 

pA 
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ELECTRICAL CHARACTERISTICS 


PARAMETER 

CONDITIONS 

MIN 

TYP. 

MAX 

UNITS 

RESET LOGIC 

IRESET SUM, DIFF 

RESET = VIL 

80 


400 

pA 

lOFF SUM, DIFF 

RESET = VIH 

-100 


100 

nA 

VSUM 

RESET = VIL 

1 


1.3 

V 

VDIFF 

RESET = VIL 

2.1 


2.4 

V 

1 SUM, DIFF UNBAL 

GATE = VIH, CLOCK 

VAGC IX, 1 Vp-p swing 

-40 


40 

pA 

IDIFF UNBAL XOR 

MUXSEL = VIH 

-40 


40 

pA 

1 PEAK SUM 

RDINP- RDINN = 1.0 V 

MUXSEL = VIH 

300 

400 

600 

pA 

1 PEAK DIFF P 

RDINP-RDINN = 1.0 V 

MUXSEL = VIH, ! 

VAGC = IV 

300 

400 

600 

pA 

1 PEAK DIFF XOR 

RDINP - RDINN = 1.0 V 

MUXEN = VIH, VAGC = 1 .OV 

-600 

-400 

-300 

pA 

VOHSUM, VOHDIFF 

RDINP - RDINN = 1.0V 

3.55 



V 

VOL DIFF, VOLSUM 

RDINP-RDINN = 1.0V 

MUXSEL = VIH 

0 


1.0 

V 

IGATE 

' GATE = VIH, CLOCK IX 

-100 


100 

nA 


MUXAMPLIFIER 


VOS MUXSUM 

MUXSEL = MUXEN = VIL 

2.492 


2.508 

V 

VOS MUXDIFF 

MUXSEL = VIH, 

VDIFF = 2.5V, 

MUXEN = VIL 

2.492 


2.508 

V 

IBIASSUM DIFF 

SUM = DIFF = 2.5V 

0 


300 

nA 

VOHMUX 

SUM = 3.9 V 

3.55 



V 

VOLMUX 

DIFF = 0.95 

0 


1.0 

V 

INSINGMUX 

VMUXOUT = VXX 

1.5 


2.5 

mA 

Amplifier settling time - tsmux 

Rout = 604 ohms, Cout = 36 pF 


0.4 

1 

psec 

1 leakage 




10 

nA 

Linearity 

0 to 1V input with VAGC 
such that AvVAGC = 1 .OV 

-5 


5 

%F.S 
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FUNCTIONAL DESCRIPTION 

The ML4535 provides area measurement demodulation of 
both the continuous (dedicated) servo surface and the 
sectored (embedded) servo data on each of the data 
surfaces of a "hybrid" servo disk drive. It operates on a 
single +5V supply and is Intended to interface to a 
moderate speed, successive approximation ADC with 
multiplexed inputs and sample and holds, like the 
ML2377. In a conventional peak detection based servo 
scheme, the attack rate of the peak detectors are 
inherently faster than the decay, high crest factor noise 
sensitivity is high and rectification must have a very low 
offset for it to be functionally correct. On the other hand 
area detection has much better noise rejection and is 
more tolerant of small rectifier offsets. However it requires 
that the measurement period be an integer number of 
signal half cycles. Hence when the timing requirements 
are satisfied, area detection is certainly more accurate 
than peak detection schemes. 

DATA SURFACE OR 

EMBEDDED SERVO DEMODULATOR SECTION 

The data surface (embedded) servo demodulator section 
of the ML4535 consists of a standalone ACC control loop 
so that the amplitude control function is self contained on 
the chip and two area detectors providing the sum (A+B) 
and difference (A-B) outputs which are muxed out 
through a mux amplifier. 

Input Amplifier and AGC 

The input amplifier and AGC circuit operate with 
differential inputs in the range of 0.25Vp-p to 2Vp-p, 
from the read channel filter's lowpass outputs. The 
purpose of the AGC loop is to maintain a constant area 
detect value that correlates to the zero scale and full scale 
output values based upon the minimum and maximum 
burst value. The sensing for the AGC is at the output of the 
area detector, allowing signal ranging based on the area of 
the burst rather than the peak level of the burst. The AGC 
is intended to be updated at every sector of servo position 
bursts such that the signal variances due to the platter 
radius and differences in the read channel data 
frequencies can be corrected. In this closed-loop system, 
the area detected output voltage is fed back and 
compared with the VAGCREF voltage to provide a gain 
control current for charging and discharging the 
VAGCCAP. The gain is varied to secure constant area of 
the output signal and provide amplitude control. The AGC 
gain value is held constant when the AGCEN is at logic 
low. When is is logic high, the level of gain can change up 
or down. The capacitor from VAGCCAP to ground holds 
the gain setting when AGCEN is at logic low and the area 
detector output does not affect the gain setting in this 
mode. 


Zero X Detector 

The output of the zero crossing detector (comparator) is 
provided for system synchronization. It detects zero 
crossings of the composite signal delivered by the Variable 
Gain Amplifier, VGA. The output of this comparator 
controls the synchronous rectification of the composite 
VGA output, in the area detectors. This signal is internally 
generated in ECL, but an internal ECL to TTL converter 
presents this output as a TTL level on the ZEROX pin. 
Control logic in the servo channel employs the ZEROX 
signal to produce an area detector enabling gate, which 
spans a fixed number of cycles of the composite signal. 

Area Detectors (Sum & Difference) 

The area detectors detect the A and B burst levels by area 
detection. Two area detectors — one to measure the sum 
of the A and B bursts (A+B), and a second one to measure 
the difference (A-B). Each area detector is implemented as 
a gated current — output synchronous rectifier, driving an 
external charge accumulating integrating capacitor. Area 
detection occurs only while the area detector is enabled 
under the control of the GATE pin. When the detector is 
disabled, the integrating capacitor is effectively floated. 
The on-chip D Flip-Flop resynchronizes the gating signal 
to remove any timing error due to logic delays in the 
external gate control logic. Initial conditions on the 
integrating capacitors are established prior to an area 
detecting operation by a reset circuit controlled by the 
RESET pin. A reset operation forces the voltage on the 
DIFF area detecting capacitor to equal the 2.5 volts 
applied on the VREF pin and the voltage on the sum area 
detecting capacitor to equal VREF/2. Determination of the 
burst difference (A-B), is accomplished under control of 
the MUXEN pin, by inverting the phase of the carrier input 
to the second area detector, while the burst B is being 
detected. The inversion is performed by an XOR gate. 
Accordingly (A-B) is bipolar relative to VREF, while (A+B) 
is unipolar. 

Multiplexer Amplifier 

The multiplexer amplifier drives the MUXOUT pin and 
allows sequential interrogation of the (A-B) and (A+B) 
measurements, the results of which are stored on the 
external integrating capacitors. The amplifier is 
implemented as two independently selectable input 
stages, driving a common output structure, to form a 
voltage follower. To minimize the droop of the (A-B) and 
the (A+B) measurements, both input stages are biased off 
during periods when neither measurement is required to 
be routed to the MUXOUT pin (MUXSEL = 0). The 
MUXSEL and MUXEN pins govern multiplexer channel 
selection through a decoding network. 

CONTINUOUS OR DEDICATED 
SERVO DEMODULATOR SECTION 

The continuous (dedicated) servo demodulator section of 
the ML4535 consists of its own variable gain amplifier and 
AGC loop, a variable frequency oscillator and four 
synchronous detectors. 
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The first synchronous detector (AREA DETECTOR #4) is 
used as a multiplying phase detector to control the 
variable frequency oscillator and complete the analog 
portion of the phase locked loop that recovers the clock. 

The second synchronous detector (AREA DETECTOR #3) 
is used for measuring the area of the composite signal, to 
determine its amplitude for comparison with the on-chip 
reference of the ACC loop. An amplitude level 
comparator is also included on this detector's output to 
provide the logic level output for Frame sync and Index 
data. 

The third and fourth synchronous detectors (AREA 
DETECTORS #1 & #2) are used to demodulate the normal 
and quadrature position signals. The normal and 
quadrature outputs are currents that have been terminated 
on chip with nominal 19K resistors to a 2.3 volt reference 
(0.9 X 2.5 volts). 

Operational Example 

An example continuous servo composite servo encoding 
and the associated demodulator clock waveforms are 
shown in figure 1. The VCO operates at twice the 
frequency of the fundamental of the composite signal and 
drives two flip flops that generate quadrature and normal 
phase references. The Clock generation logic circuit and 
synchronizing circuit for the PEL, to acquire initial lock 
with type 2 loop, are shown in figure 2. A state counter 
divides the servo frame into eight intervals which are: 


NAME LENGTHdN CLOCK CYCLES) 

S 2 

Xi,X2, X3 1 

A, B, C, D n where n is an integer like 8 

Note that all peaks of the composite signal are on Quad 
clock phase boundaries, so it contains only one 
fundamental frequency, which is easily acquired by the 
phase locked loop. The sync character is 180° out of 
phase with all others; thus at phase alignment it causes no 
disturbances to the phase comparator but gives an easily 
recognizable reverse polarity ripple in the ACC which is 
easily detected with a level detector to provide a frame 
sync logic signal to initialize the state counter. 

The A, B demodulator is selected from the center of S to 
the center of X 2 and the C, D demodulator is selected 
from the center of X 2 to the center of S. The S, XI, X2, X3 
information is in quadrature with the position clock and 
symmetrical so their contribution cancels to zero for the 
position output but not for AGC and phase compare. The 
NORMAL clock is used throughout A, B, C, D but inverted 
180° as required by the track type to give A-B, C-D, B-A, 
D-C without additional analog switching in position 1 
demodulator for track following. 

Filters are needed on each of the four demodulators for 
removing the carrier ripple and providing frequency 
compensation for the gain control phase locked loop 
systems. The current output scaling of all four detectors 



juinm 


VCO CLOCK OUTPUT (VCOOUT) 

AGC (NORMAL) CLOCK (DSSUM) 

PHASE COMPARE (QUAD) CLOCK 


SELECT (INVERTED FOR ODD TRACKS) 


(POSITION A-B, C-D) CLOCK 

(POSITION B-A, D-C) CLOCK 


FRAME SYNC OUTPUT 


Figure 1. Continuous Servo Encoding and Demodulator Clock Waveforms 
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are the same and set by on-ch ip resistors. The AGC 
setpoint is also a current fixed by a tracking on-chip 
resistors. Thus a capacitor to ground provides an 
integrating response for the AGC control loop, as well as 
ripple filtering. For the phase comparator filter, two 
capacitors and a resistor provide D.C. integration plus a 
lead-lag for the PLL control loop compensation. For the 
position outputs, on-chip 19K nominal resistors to (0.9 x 
Vref) are provided so a capacitor to ground is added to 
form a low pass ripple filter. 

The phase compare detector forms phase only (not phase 
frequency) characteristic, so the loop will not acquire 
initial lock with and integrating loop filter, which is 
needed to assure no steady state phase error. The 
synchronizing circuit suggested (refer figure 2), senses 
when the VCO control voltage is near either rail and 
applies a pulse that ramps it toward the other rail and thus 
through the operational frequency where it locks. The 
lock range is much greater than the acquire range, so it 
retains lock in the prescence of the resistor-coupled pulse, 
with a small phase error, until the pulse goes away and the 
phase error becomes zero. 


HYBRID SERVO VERSUS ONLY EMBEDDED SERVO 

There are a number of merits in using a hybrid servo 
scheme consisting of a servo surface plus limited data 
head servo samples over the completely embedded or 
data head sector servo samples scheme. These are 
summarized below: 

Cost: Lost data surface capacity is less than 1 % for a servo 
surface plus samples compared to 8% for samples only. 
This suggests that with six or more platters, the servo 
surface has an advantage. Without a servo surface, it is 
difficult to generate accurately phase and track center 
aligned data head (embedded) servo sectors in the drive, 
requiring them to be done with extra time on an 
expensive servo writer and moving the cost crossover 
point nearer to four platters. Drive hardware and costs 
including assembly and test favour DSP implementations 
in either case. 

Effect on position error sources: These can be very similar 
for both configurations with optimized control 
algorithims. The servo surface does have some advantages 
in being able to obtain higher bandwidths and thus faster 
settling time and greater reduction of non-repetitive run¬ 
out and random disturbances. 


CLOCK GENERATION LOGIC 


AGC CLOCK 

PHASE COMPARE CLOCK 
POSITION COMPARE CLOCK 
POSITION SELECT 


INDEX 


SYNCHRONIZING CIRCUIT FOR THE PLL (To acquire initial lock with type 2 loop) 


TO PLL FILTER 



(TLC 393.0R SIMILAR LOW BIAS GROUND SENSING DUAL COMPARATOR) 

Figure 2. Support Circuitry for the ML4535 Based "Hybrid" Seryo Subsystem 
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Effect on access time; A system with a servo surface has 
two advantages here. The ability to adjust the control 
signal at shorter time intervals and a higher small signal 
bandwidth, both of which reduce settling time. Move 
times can be equivalent. 

Data integrity: Here there is a clear superiority for a servo 
surface system in preventing writes which destroy existing 
data. There are at least two ways in which this can 
happen. Electronic noise in the sector timing causes servo 
sectors to be over written, so that the head can no longer 
be positioned to read the track even if the data is intact. 
This probability can be made acceptably small by 
redundancy in the electronics. External mechanical shock 
while writing a data sector can not only cause improper 
writes of the new data but also overwrite adjacent tracks. 
Inherently there is no way to prevent this with servo 
sectors only, as there is no position data measurement 
available and estimators do no good for random fast 
disturbances. Dynamically balanced rotary actuators 
reduce this exposure compared to linear travel positioners 
but cannot eliminate it completely. 


SERVO DESIGN SUGGESTIONS FOR A HIGH TRACK 
DENSITY DISK DRIVE 

The best design choices for a high track density disk drive 
with four or more platters are outlined below and the 
hybrid servo subsystem based on the ML4535 & ML2377, 
provides the most optimum solution for implementing 
these design choices and making track densities of 3000 
TPI easily achievable. 

1) Continuous servo surface with quadrature signals plus 
some position samples and/or calibration tracks for each 
data head. 

2) DSP implementation of the position control system for 
best performance of state estimators and adaptive 
parameter adjustment. 

3) Area integration position demodulation on both the 
servo (dedicated) surface and data head position 
(embedded) servo samples, for best accuracy and noise 
rejection. 

4) Thin film heads with gap edges aligned and 
perpendicular to the disk surface. 

5) Dynamically balanced rotary actuator for best rejection 
of external mechanical shock. 


APPLICATION DIAGRAM 


ML4535 


ML2375 


CLK3 

SELDET 

DSINP 

DSINN 


DSSUM 

DCRCAP 

SYNC 

CLK1 

CLK2 

RT 

CT 

VCOOUT 

VCOIN 

AGCEN 

VAGCREF 

VAGCCAP 

RDINP 

RDINN 


RESET 

GATE 

ZEROX 



DSP Based Hybrid Servo Subsystem. 
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Micro Linear _ ML4568 

Disk Pulse Detector + 
Embedded Servo Detector 


GENERAL DESCRIPTION 

The ML4568 is a hard disk pulse detector with two 
gated peak detectors to demodulate embedded servo 
information. The pulse detector section includes a 
wide bandwidth differential amplifier with automatic 
gain control (AGC), a precision full wave rectifier, time 
channel and gate channel. The embedded servo peak 
detector section includes a full-wave rectifier, two 
gated peak detectors, buffered peak detector outputs, 
and a difference output. A 2.25V bandgap reference is 
also included on-chip. 

The ML4568 is a 5V-only upgrade for 8468-type 
devices. Upgraded features include increased data rate 
operation (to 24 MB/s with RLL(1, 7) coding), improve 
pulse pairing (1ns), and reduced power consumption 
(400mW typical) resulting from 5V-only operation. 

The ML4568 pulse detector section detects amplitude 
peaks, producing a TTL-compatible output which 
accurately indicates the time position of signal peaks. 
In hard disk applications, these signal peaks represent 
flux reversals in the magnetic medium. 


FEATURES 

■ 5V-only operation 

■ Low power consumption (400mW typical) 

■ Supports 24 MB/s RLL(1, 7) coding 

■ Less than ±1 ns Pulse Pairing 

■ Wide input signal amplitude range (lOmVpp to 
lOOmVpp) 

■ On-chip differential gain controlled amplifier, 
differentiator, comparator gating circuitry, and 
output pulse generator 

■ Adjustable comparator hysteresis 

■ Dynamic hysteresis tracks signal amplitude 

■ AGC and differentiator time constants set by 
external components 

■ TTL compatible digital inputs and outputs 

■ Built in embedded servo detector 

■ On chip buffers provide low impedance servo 
output voltages 

■ User adjustable servo time constants 


BLOCK DIAGRAM 


-AMP +AMP 



GATE2 DISCH. GATE1 PKA HYS. PKB 
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GENERAL DESCRIPTION (Continued) 

The ML4568 also incorporates two gated detectors 
which detect embedded servo information, usfed for 
head positioning. The ML4568 provides two buffered 
low impedance voltage outputs which represent the 
peak detected level of each servo burst. The ML4568 
also provides a buffered output that represents the 
voltage difference between the two servo channels, 
centered about Vref- 


PIN CONFIGURATION 


PLCC-28 

-AMP 

CD- +CH IN OUT 


I +AMP I 

-CH IN H CD+ I OUT i A( 
r[f54 3 2 1 28 27 h 



24 ] LEVEL 
23 ] HYS. 

22 ] DISCH. 
21 ] VrefoUT 
20 ] GATE2 
19 ] PKB 


RD f CAGC t BUFA | PKA 
DGND BUFB GATE1 


PIN DESCRIPTION 


PIN # 

NAME 

Power Supply 

9 

Vcc 

21 

Vref out 

26 

ANALOG 

GROUND 

13 

DIGITAL 

GROUND 

Analog Signals 

6 

AMP IN+ 

7 

AMP IN¬ 

28 

AMP OUT+ 

27 

AMP OUT- 

4 

-CH IN 

1 

+CH IN 

2 

CD+ 

3 

CD- 

23 

HYS. 


FUNCTION 


PIN # 


NAME 


FUNCTION 


+5V ± 10% supply. 

Internal 2.25 V reference voltage 
output. 

Analog signals should be 
referenced to this pin. 

Digital signals should be 
referenced to this pin. 

These are the differential inputs 
to the Amplifier. The output of 
the read/write head amplifier 
should be capacitively coupled 
to these pins. 

These are the differential outputs 
of the Amplifier. These outputs 
should be capacitively coupled to 
the channel filter. 

These are the differential inputs 
to the time, gating and servo 
channels. These Inputs must be 
capacitively coupled to the 
channel filter at the amp. outputs. 
The maximum differential 
peak-to-peak swing at this input 
is 1.5 Vp_p. 

The external differentiator 
network is connected between 
these two pins. 

The DC voltage on this pin sets 
the amount of hysteresis on the 
differential comparator. 


Analog Signals (Continued) 

24 LEVEL This is a Peak Detector Output 

signal that is used in conjunction 
with the set hysteresis pin 23 to 
provide a dynamic hysteresis 
function. 

5 AGCSET The ACC circuit adjusts the gain 

of the gain controlled amplifier 
to make the differential peak to 
peak voltage at the Channel 
inputs equal to four times the 
DC voltage on this pin. 

Vaccset = ^/2Vcc V4Vpp where 
Vpp is the peak-peak differential 
voltage on the channel input. 

14 CAGC The external capacitor for the 

ACC is connected between this 
pin and Analog Ground. 

18 PKA The peak detected servo signal 

19 PKB voltage appears across the RC 

networks connected from these 
pins to analog ground. 

16 BUFA These low impedance pins, 

15 BUFB output the DC level at pins 18 

and 19 respectively, level shifted 
down by two diode drops. 

25 DA OUT This low impedance pin outputs 

the difference In voltage between 
pins 16 and 15 about a zero level 
set by the voltage on pin 21. 
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PIN DESCRIPTION (Continued) 


NAME 

FUNCTION 

PIN # 

NAME 

FUNCTION 

Signals 


Digital Signals (Continued) 

SET PW 

An external capacitor to control 

17 

GATE 1 

These inputs accept TTL levels. 

R/W 

the pulse width of the Encoded 

Data Out (RD) is connected 
between this pin and Digital 

Ground. See Figure 1. 

If this pin is low, the Pulse 

Detector is in the read mode 
and the chip is active. When this 
pin goes high, the pulse detector 

20 

GATE 2 

When a low level is present the 
embedded servo signal is allowed 
to charge the RC network at pins 
18 and 19 respectively. A high 
level will force a hold condition 
of the DC voltage across the RC 
network and will also disable the 
servo channel. 

DOUT 

RD 

is forced into a stand-by mode. 

This is a standard TTL input. 

This is the buffered, open 
collector, output of the differential 
comparator with hysteresis. 

This is the standard TTL output 
whose leading edge indicates the 
time position of the peaks. 

22 

DISCH. 

This input accepts a TTL level. 

A high level connects a 1.5K 
internal resistor to ground on 
pins 18 and 19. 


ABSOLUTE MAXIMUM RATINGS OPERATING CONDITIONS 


Supply Voltage 

Pin 9 . 14V 

TTL Input Voltage 

Pins 8, 17, 20, 22 . 5.5V 

TTL Output Voltage 

Pins 12, 11 . 5.5V 

Input Voltage 

Pins 23, 5 ... 5.5V 

Minimum Input Voltage 

Pins 23, 5 .... -0.5V 

Differential Input Voltage 

Pins 6-7, 4-1 .3V or -3V 

ESD susceptibility rating is to be determined 

Storage Temperature . -65®C to +150®C 

Lead Temperature (Soldering 10 sec.) . 300°C 

Maximum Power Dissipation at 25°C: 

PLCC Package (derate TBD mW/°C above 25°C) ... 500mW 


Vcc ...4.5V to 5.5V 

Ambient Temperature, T^.0°C to +70°C 
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ELECTRICAL CHARACTERISTICS 

Over recommended operating conditions. 

Set Hysteresis = OV, VpiN 17 = 2y READ/WRITE = 0.4V/VpiN 22 = unless otherwise noted. 


Symbol 

Pins 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

Amplifier 

Zinai 

6, 7 

Amp In Impedance (Note 1) 

Ta = 25‘>C 

1.8 

2.4 

3.0 

KO 

Avmin 

28, 27 

Minimum Voltage Gain Differential 

AC Output 3 Vpp 


6 

15 

V/V 

Avmax 

28, 27 

Maximum Voltage Gain Differential 

AC Output 3 Vpp 

250 

300 

_j 

v/v 


Channel 


Z|NCI 

4 1 

Channel Input Impedance 

Ta = 25®C (Note 1) 


2.5 


KQ 

ICAGC- 

14 

Pin 14 Current which Charges Cagc 

Vp,Ni4 = 2.2V 

5.0 

5.8 


mA 

•CAGC'^ 

14 

Pin 14 Current which Discharges Cagc 

Vp,Ni4 = 2.2V 


0.5 

2 

M 

■agcset 

5 

AGCSET Input Bias Current 



8 

100 


l|L 

23 

Set Hysteresis Input Bias Current 

VpiN 23 = 0 



-20 

M 

•cD 

2, 3 

Current into Pin 2 and 3 that 

Discharges Cp 


0.8 

1.0 


mA 

HYS 

23 

Peak Hys. vs Vhys 

VpiN 23 = 

0.25 

0.4 

0.55 

Vpk/ 

Vdc 


Write Mode 


Z|NAI 

6, 7 

Amp In Impedance in Write Mode 

VpiN 8 - 2.0V 


350 

450 

Q 

Iagc- 

14 

Pin 14 Current in Write Mode 

VpiN 8 = 2.0V, VpiN 14 = 2.2V 


0.2 

1.0 

M 


Digital Pins 


V,H 

8, 17, 
20, 22 

High Level Input Voltage 


1 - 

2 


n 

V . 

V,L 

8, 17, 
20, 22 

Low Level Input Voltage 




0.8 

V 

l|H 

8, V, 
20, 22 

High Level Input Current 

Vsv = Max, V| = 2.7V 



20 


l|L 

8, 17, 
20, 22 

Low Level Input Current 

Vsv = Max, V| = 0.5V 


140 

200 

fjA 

VOH 

12 

High Level Output Voltage 

Vsv = Min, Iqh = -400/LrA (Note 2) 

2.4 



V 

V0LI2 

12 

Low Level Output Voltage 

Vsv = Min, Iql = 800//A (Note 2) 



0.5 

V 

Ilh 

11 

High Level Output Leakage Current 

VpiN 11 = Vcc Measure Current into 
Pin 11 



50 

fjA 

V 0 L 11 

11 

Low Level Output Voltage 

IpiN 11 “ 800 //A 



0.5 

V 


Servo Channel 


Zdis 

18, 19 

Discharge Impedance 

VpiN 22 = 2V (discharge) 

Force 2.5V on Pins 18 or 19 

0.5 

1.8 

2.5 

KQ 

Vboq 

■ 

15, 16 

Buffer Quiescent Output Level 

VpiN 17, 20, 22 “ 0-4V, Vci = OV 

Pull 0mA from Pins 15 and 16 

1.0 

1.6 

2.0 

V 

Vlevel q 

24 

Level Quiescent Output Level 

Vc, = OV 

Pull lOOfjA from Pin 24 


0.2 

0.5 

V 

II 

18, 19 

Gated Off Leakage Current 

VpiN 22 = 0-4V, VpiN 20 = VpiN 17 = 2V 
Force 3V on Pin 18 or Pin 19 

-1 


1 

M 
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ELECTRICAL CHARACTERISTICS (Continued) 

Over recommended operating conditions. 

Set Hysteresis = OV, VpiN 17 = 2V, READ/WRITE = 0.4y VpiN 22 = 0.4V, unless otherwise noted. 


Symbol 

Pins 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

Servo Channel (Continued) 

Vqsbo 

16, 15 

Buffer Output Offset Voltage 
for Vci = 1 VpK_pK 

VpiN 17, 20, 22 - 0-4V, VpiN 1 - 2.75V 

Pull 0mA from Pins 15 and 16 

Vp,N 4 = 2.25V, 

Vqsbo = Win 16 - VpiN 15 


2 

±15 

mV 

Vqsys 

25, 21 

System Output Offset Voltage 
for Vci = 0.75VpK_pK 

Pull 0mA from Pin 25 

VqSYS ^ VpiN 25 “ VpiN 21 

VpiN 17 20 , 22 = 0-4 

VpiN 1 = 2.688V, VpiN 4 = 2.313V 


+5 

±20 

mV 

Avda (IV) 

25, 21 

Difference Amplifier Gain, 

IV Differential Input 

VpiN 17, 20 "" 2V 

Win 19 1-5V, Vpjjvj 18 = 2.5V, 

Win 22 = 0-4V 

1.6 

2 

2.4 

v/v 

Avda (. 5 V) 

25, 21 

Difference Amplifier Cain, 

0.5V Differential Input 

VpiN 17, 20 = 2V 

VpiN 19 = 1.75V, VpiN 18 = 2.25V, 

Win 22 0-4V 

1.6 

2 

2.4 

v/v 

CLda 

25 

Difference Amplifier Gain Linearity 



0.2 

2.5 

% 

Zlevel 

SOURCE 

24 

Level Out Output Impedance 

Win 20 , 22 = 0.4V, Vq = 0.75V 
Measure Vpi^ 24 with 200/iA and 

3mA pulled out of the pin. 

Zlevel = change in Vpi^ 24 SOURCE 
3mA - 0.2mA 

100 

180 

250 

Q 

AVgd 

(1.5V) 

15, 16 

Gated Detector Gain 
for Vci = 1.5VpK_pK 

VpiN 22, 20, 17 = 0.4V 

VpiN 1 = 2.875V, VpiN 4 = 2.125V 

1.45 

1.8 

2.25 

v/v 

AVgd 

(0.75V) 

15, 16 

Gated Detector Gain 
for Vci = 0 . 75 VpK_pK 

VpiN 22, 20, 17 = 0.4V 

VpiN 1 = 2.688V, VpiN 4 = 2.313V 

1.45 

1.7 

2.25 

v/v 

AV level 
(1.5V) 

24 

Level Voltage Gain 

For Vci = 1.5VpK_pK 

VpiN 1 = 2.875V, VpiN 4 = 2.125V 

1.45 

1.8 

2.25 

v/v 

AV level 
(0.75V) 

24 

Level Voltage Gain 

For Vci = 0.75VpK_pK 

VpiN 1 = 2.687V, VpiN 4 = 2.312V 

1.6 

1.9 

2.4 

v/v 

GLgd 

15, 16 

Gated Detector Gain Linearity 



±0.1 

±2.5 

% 

■cc 

9 

Vcc Supply Current 

Vcc 

40 

90 

110 

mA 

Vref 

_.iL- 

Vref Voltage 


2.0 

2.25 

2.5 

v 
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AC ELECTRICAL CHARACTERISTICS 

Over Recommended Operating Temperature and Supply Range refer to AC Test Setup, 
f = 2.5MHz unless otherwise indicated. PKA, PKB = 1KO + lOnF to GND: 


Symbol 

Pins 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

tCHARGE 

15, 16 

Gated Detector Charge Time 

Vc, = T5Vpp, Vp,N 22 = 0.3V, 

With PKA and PKB discharged, 
nnieasure the time from Pin 17 or 20 
going from 2V to 0.3V, to Vgoi or 

Vbo 2 •'ospectively, reaching 90% of 
their final value 


1.0 


A^s 

^DISCHARGE 

15, 16 

Gated Detector Discharge Time 

Vci = 1.5Vpp. 

With LP1 charged, measure the time 
from Pin 22 going from 0.3V to 2V, to 
the voltage at Vgoi or Vbo 2 reaching 

90% of their final value 


70 


/JS 

tON 

18, 19 

Gated Detector Turn ON Time 

Vc, = 0.35 Vdo Vp,N 22 = 0.3V. 

With LP1 discharged, measure the 
time from Pin 17 going from 2V to 

0.3V, to the voltage on Pin 18 
increasing 0.1V. 

Do a similar measurement with LP2, 

Pin 20 and Pin 19 


0.2 


/JS 

tOFF 

18, 19 

Gated Detector Turn OFF Time 

Vci = 0.35Vqq Vpi^ 22 = 2V 

Measure the time from Pin 17 going 
from 0.3V to 2V, to the voltage on 

Pin 18 decreasing by 0.1V. Do a 
similar measurement with Pins 20 and 

19 


0.4 


fJS 

tpp 

12 

Pulse Pairing ML4568-1 

f = 2.5MHz and Vq = IVpp differential 



±1 

ns 

tpp 

12 

Pulse Pairing ML4568-2 

f = 2.5MHz and Vq = 1Vpp differential 



±3 

ns 


Notes: 

1. The temperature coefficient of the input impedance is typically 0.05% per °C. 

2. To prevent inductive coupling from the digital outputs to Amp In, the TTL outputs should not drive more than one ALS TTL load each. Pin 
11 is an open collector output which is tested with an external IK puMup resistor to the 5V supply. 
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ML4568 CONNECTION DIAGRAM 

PLCC-28 Version 


VreFOUT - 

+2.25V 


BANDGAP 


REF 


+1.125 V 



Note 1; K = R1/R2 

Note 2: Hysterisis Level = 0.6 x K/V|n p.p 

Note 3: RC on pins PKA and PKB basically tuned to minimize ripple. 
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APPLICATION INFORMATION 

SETTING THE OUTPUT PULSEWIDTH 

The RD output pulsewidth is dependent on the value 
of Cos/ which is connected from pin 10 to Vcc- This 
relationship is shown in figure 1. 




1 

I 



100 150 

Cos (pF) 



SELECTING Cp 

The following table summarizes the maximum Cp value 
allowed for different data rates. These values are 
derived using 


Cp (max) = --, Rd = 0 

tmax 


Data Rate 

fMAX 

Cp (max) 

7.5 MB/S 

2.81 MHz 

62.6 pF 

24 MB/S 

9 MHz 

19.6 pF 


Table 1. Maximum Cp Value Allowed for a 1.5 Vp_p 
Differential Signal Using RLL (1, 7) Code 



1, 7 RLL 

2 , 7 RLL 

^MAX 

3/8 X Data Rate 

1/3 X Data Rate 

fMAX 

3/32 X Data Rate 

1/8 X Data Rate 


Table Z 


Figure 1. RD Output Pulsewidth as a Function of Cqs 
PW - 0.5Cos 


ORDERING INFORMATION 


PART NUMBER 

PACKAGE 

PULSE PAIRING 

ML4568-1CQ 

MOLDED PCC (Q28) 

+1 ns 

ML4568-2CQ 

MOLDED PCC (Q28) 

±3 ns 
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GENERAL DESCRIPTION 

The ML461 OR/4611 R is a bipolar monolithic read/write 
circuit designed for use with two-terminal thin-film 
recording heads. They provide a low noise read amplifier, 
write current control, and data protection circuitry for up 
to four channels. The ML461 OR/4611R incorporates 
internal 700 ohm damping resistors which dampen the 
write signals to the disk. When the device is switched to 
read mode, the damping resistor is switched out to allow 
the full signal to be amplified. Power supply fault 
protection is provided by disabling the write current 
generator during power sequencing. System write to read 
recovery time is significantly improved by controlling the 
read channel common mode output voltage shift in the 
write mode. The ML4611 R option also provides an user 
controllable write current adjustment capability, available 
in the 24-Pin package only. 


BLOCK DIAGRAM 


July 1992 
PRELIMINARY 

ML4610R,ML4611R 

5V, 2-, 4-Channel Thin-Film 
ReadAVrite Circuit 


FEATURES 

■ Compatible to SSIs32R461 OR/4611R 

■ Can drop into SSIs 32R2020R series sockets 

■ Single -1-5 volt operation 

■ Low Power, P|dle < 50mW, Pmax < 200mW 

■ Read Mode gain = 200V/V 

■ Damping resistors switched out in Read mode 

■ Input noise = 0.85nV/VHz max 

■ Input capacitance = 35pF max 

■ Write Current range = 10-35mA 

■ Programmable write current source 

■ Enhanced system write to read recovery time 

■ Power supply fault protection 

■ Head short to ground protection 

■ 24-pin SOIC (4 channel with WCADj) 

■ 20-pin SOIC (4 channel without WCADJ) 

■ 16-pin SOIC (2 channel without WCADj) 


RAV 

cs 

RDX 


RDY 


WD1 


HSO 

HSI 


VCC1 GND WUS VCC2 



WC WCADJ 


HOX 

HOY 


H1X 

H1Y 


H2X 

H2Y 


H3X 

H3Y 
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ML4610R, ML4611R 


PIN CONNECTION 

Mt46T0R-2CS 

(S16W) 


ML4610R-4CS 

(S20W) 


GND q: 

1 

16 

dcs 

GND d 

1 

20 

Hox □: 

2 

15 

U R/W 

HOX d 

2 

19 

HOY CL 

3 

14 

d WC 

HOY d 

3 

18 

Hix □: 

4 

13 

d RDY 

HIX d 

4 

17 

H1Y d 

5 

12 

d RDX 

H1Y d 

5 

16 

VCC2 □: 

6 

11 

d HSO 

H2X d 

6 

15 

N/C d 

7 

10 

d YCC1 

H2Y d 

7 

14 

WUS d 

8 

9 

d WDI 

H3X d 

8 

13 


TOP VIEW 


H3Y d 

9 

12 





VCC2 d 

10 

11 


TOP VIEW 


ML4611R-4CS 

(S24W) 


CS 

GND d 

1 

24 

n CS 

R/W 

N/C d 

2 

23 

d R/W 

WC 

HOX d 

3 

22 

d WCAD) 

RDY 

HOY d 

4 

21 

d WC 

RDX 

HIX d 

5 

20 

d RDY 

HSO 

H1Y d 

6 

19 

d RDX 

HS1 

H2X d 

7 

18 

d HSO 

VCC1 

H2Y d 

8 

17 

d HS1 

WDI 

H3X d 

9 

16 

d VCC1 

WUS 

H3Y d 

10 

15 

d WDI 


N/C d 

11 

14 

d WUS 


VCC2 d 

12 

13 

d N/C 



TOP VIEW 



PIN DESCRIPTION 


NAME 

TYPE 

FUNCTION 

HSO, HS1 

1 

Head Select: Selects one of four heads 


1 

Chip Select: A high inhibits the chip 

RAV 

1 

Read/Write: A high selects read mode 

WUS 

O 

Write Unsafe: A high indicates an 
unsafe writing condition 

WDI 

1 

Write Data In: Changes the direction 
of the current in the head 

HOX - H3X 
HOY - H3Y 

I/O 

X,Y Head Connectors 


NAME 

TYPE FUNCTION 

RDX, RDY 

O X, Y Read Data: Differential read data 
output 

WC 

Write Current: Used to set the 
magnitude of the write current 

WCADJ 

Write Current Adjust: Used to decrease 
= the write current 

VCC1 

1 +5 volt supply 

VCC2 

1 +5 volt supply for write current drivers 

GND 

1 Ground 
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ABSOLUTE MAXIMUM RATINGS 

DC Supply Voltage (Vcci).to +7VDC 

DC Supply Voltage (Vcc2).-0.3 to +7VDC 

Write Current (Iw). 80mA 

Digital Input Voltage (V|n) .-0.3 to VCCI + 0.3VDC 

Head Port Voltage (Vh) .-0.3 to VCCI + 0.3VDC 

Output Current: (RDX, RDY 10).-10mA 

Output Current: (WUS).+12mA 

Storage Temperature Tstg .-05 to +150°C 


RECOMMENDED OPERATING 
CONDITIONS 


DC Supply Voltage (VccD.....5 +5% VDC 

DC Supply Voltage (Vcc2).5 ±5% VDC 

Operating Junction Temperature (Tj).+25° to +n0°C 


ELECTRICAL CHARACTERISTICS 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNIT 

Vcci 

Supply Current 

Read Mode 



33 

mA 



Write Mode 



27 

mA 



Idle Mode 



12 

mA 

Vcc2 

Supply Current 

Read Mode 



11 

mA 



Write Mode 



10 -1- Iw 

mA 



Idle Mode 



0.4 

mA 


Power Dissipation 

Read Mode 



200 

mW 



Write Mode 



150 -f 4!w 

mW 



Idle Mode 



50 

mW 


DIGITAL INPUTS 


V,L 

Input Low Voltage 




0.8 

VDC 

V,H 

Input High Voltage 


2.0 



VDC 


Input Low Current 

V|L = 0.8V 

-0.4 



mA 


Input High Current 

V|H = 2.0V 



100 

, pA 

VoL 

WLJS Output Low Voltage 

Iql = 2 mA max 



0.5 

VDC 


VCCI Fault Voltage 

Iw < 0.2 mA 

3.8 

4.0 

4.2 

VDC 


WRITE CHARACTERISTICS 



Write Current Constant "K" 



0.99 



Vwc 

Write Current Voltage 


1.15 

1.25 

1.35 

V 


WCADJ Voltage 

I WCADJ = 0 to 0.5 mA 

2.0 

Vcc/2 

3.0 

VDC 


•head (DECREASE) / IwCADJ 


26 

29 

32 

mA/mA 


■wcADj Range 


0.0 


0.5 

mA 


Differential Head 

Voltage Swing 


3.4 

6 


Vp-P 


Unselected Head Current 




1 

mA (pk) 


Head Differential 

Load Capacitance 




25 

pF 


Head Differential 

Load Resistance 

Rd (ML461 or/461 1R) 

560 

700 

950 

Q 


WDI Transition Frequency 

WUS = low 

1.0 



MHz 


Write Current Range (Iw) 


10 


35 

mA 
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ELECTRICAL CHARACTERISTICS 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

READ CHARACTERISTICS CL (RDX.RDY) < 20 pF, RL (RDX, RDY) = IkO 


Differential Voltage Gain ' 

V,N = 1myp_p@1MHz 

160 

200 

240 ; 

VA/ 


Voltage BW 
-IdB 
-3dB 

iZsl < 5Q, V|N = 1 mVp_p 

20 

35 



MHz 

MHz 


Input Noise Voltage 

BW= 15MHz, Lh = 0, Rh =0 


0.6 ' 

0.85 

nV/VHz 


Differential Input Capacitance 

V,N = 1 mVp^p, f = 5MHz 


27 

35 

pF 


Differential Input resistance , 

V|fsj = lmVp.p,f=5MHz 

1000 



Q 


Dynamic Range 

AC input voltage where gain falls to 

90% of its small signal gain value, 
f,= 5MHz 

3 



mVp_p 


Common Mode 

Rejection Ratio 

ViN = 0 volts DC + 100mVp_p @ 5MHz 

45 



dB 


Power Supply Rejection Ratio 

100mVp_p @ 5MHz on Vcc 

,40 



dB 


Channel Separation 

Unselected channels driven with 

V|N = 0 volts DC - 1 - 100mVp_p 

45 



dB 


Output Offset Voltage 


-200 


+200 

mV 


Single-Ended 

Output Resistance 

f = 5MHz 



40 

a 


Output Current 

AC coupled load, RDX to RDY 

1.5 



mA 

RDX/ 

RDY 

Common Mode Output 


2.0 

2.8 

3.5 

VDC 


SWITCHING CHARACTERISTICS Iw = 20mA, Rh = 30Q, Lh = lOH, foATA = 5MHz 


R/W 

Read to Write 

RAV to 90% of write current 


0.1 

DO . 

ps 

R/W 

Write to Read 

R/W to 90% of 10OmV 

Read signal envelope 


0.5 

DO 

ps 


Unselect to Select 

CS to 90% of write current or 







90% of 100mV, lOMHz 


0.4 , 

DO 

ps 


Select to Unselect 

CS to 10% of write current 


0.4 

DO 

ps 


HSO-1 to any head 

To 90% of 100mV 1 OMHz 

Read signal envelope 


■0.2 

DO 

ps 


wus 







Safe to Unsafe (TDD 


0.6 

2.0 

3.6 

ps 


Unsafe to Safe (TD2), 



0.2 

DO, 

ps 


Head Current: 

Lh = 0, Rh = 0 

■ 





WDI to lx - ly (TD3) 

From 50% points 



32 

ns 


Asymmetry 

WDI has 1 ns rise/fall time 



DO 

ns 


Rise/Fall Time 

10% to 90% points 



12 

ns 
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TIMING DIAGRAM 



Figure 1. Write Mode. 


MODE SELECT 



HEAD SELECT 




R/W 

MODE 

HS1 

HSO 

HEAD 

0 

0 

Write 

0 

0 

0 

0 

1 

Read 

0 

1 

1 

1 

0 

Idle 1 

0 

2 

1 

1 

Idle 

1 

1 

3 


FUNCTIONAL DESCRIPTION 


The ML461 OR/4611 R has the ability to address up to 4 
two-terminal thin-film heads and provide write drive or 
read amplification. Head selection and mode control are 
described in the tables below. The TTL inputs R/W and CS 
have internal pull-up resistors to prevent an accidental 
write condition. HSO and HS1 have internal pull-downs. 
Internal clamp circuitry will protect the ML461 OR/4611R 
from a head short to ground condition in any mode. The 
damping resistors aj;e^switched out during read mode, as 
identified by the R/W pin. 

WRITE MODE OPERATION 

Taking both CS and R/W low selects write mode which 
configures the ML461 OR/4611 R as a current switch and 
activates the Write Unsafe (WUS) detector circuitry. Head 
current is toggled between the X and Y side of the selected 
head on each high to low transition of the Write Data 
Input (WDI). A preceding read or idle mode select 
initializes the Write Data Flip-Flop to pass write current 
through the "X"' side of the head. The current calculations 
are shown below: 

Write current (peak) is given by: 

, _K X VWC 


where 

RWC is connected from pin WC to GND 
Actual head current is given by: 


where 

Rh = head -i- external wire resistance 
Rd = damping resistance 

The ML461 OR/4611 R adds a feature which allows the user 
to adjust the Iw current by a finite amount using the 
WCADJ pin, while writing to the disk. It is used by 
switching a separate write current adjust resistor in and 
out on the WCADJ pin or by connecting a DAC to that pin 
to sink a controllable amount of current. It is nominally 
biased to Vcc/2. Sinking current from this pin to ground, 
will divert a proportional amount of current from the 
actual head current while maintaining a constant current 
through the WC resistor and Vcc- Allowing WCADJ to 
float or pulling it high will cut off the circuit and it will 
have no effect. For example, if the nominal head current is 
set to 30mA through WC with WCADJ open, then for a 
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7.25mA head current decrease, a lOkQ resistor would be 
connected from the WCADJ pin to ground. A TTL gate 
could be used as a switch with a small degradation in 
accuracy. A DAC could be programmed to sink 0.25mA 
from the WCADJ pin, for achieving the same function. 

head {decrease )= ^ 

^WCADJ 

where 

VwcADj = Voltage on the WCADJ pin 
Rwcadj = Write current adjust setting resistor 

VOLTAGE FAULT DETECTION 

A voltage fault detection circuit improves data security by 
disabling the write current generator during a voltage fault 
or power start-up, regardless of mode. The Write Unsafe 
(WUS) open collector output goes high under the 
conditions given below. After the fault condition is 
removed, a negative transition on WDI is required to clear 
WUS. 

— Write Data Input frequency too low 
— Device in Read Mode 
— Chip is disabled or head is open 


READ MODE OPERATION 

The Read mode configures the ML461 OR/4611 R as a low 
noise differential amplifier and deactivates the write 
current generator. The RDX and RDY output are driven by 
emitter followers. They should be AC coupled to the load. 
The (X,Y) inputs are non-inverting to the (X,Y) outputs. In 
the Idle or Write mode, the read amplifier is deactivated 
and RDX, RDY outputs become high impedance. This 
facilitates multiple R/W applications (wired-OR RDX, 
RDY) and minimizes voltage drifts when switching from 
Write to Read mode. The write current source is also 
deactivated for both the Read and Idle mode. In addition 
the ML461 OR/4611R supports the feature by which the 
internal damping resistors are switched out in the read 
mode, which allows the full signal to be amplified. 

IDLE MODE OPERATION 

Taking CS high selects the idle mode which switches the 
RDX and RDY outputs into a high impedance state and 
deactivates the device. Power consumption in this mode 
is held to a minimum, less than 50mW. 


No write current 


ORDERING INFORMATION 


PART NUMBER 

TEMPERATURE RANGE 

PACKAGE 

ML4610R-2CS 

0°C to +70°C 

16-Pin SOIC (S16W) 

ML4610R-4CS 

0°C to +70°C 

20-Pin SOIC (S20W) 

ML4611R-4CS 

j 0°Cto+70°C 

24-Pin SOIC (S24W) 
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Micro Linear 


ML6005 


24 Mbps Read Channel Filter/Equalizer 


GENERAL DESCRIPTION 

The ML6005 is a monolithic analog filter/equalizer 
intended for hard disk drive read channel applications, 
capable of handling disk data rates upto 24Mbits/s, with 
an operating power dissipation of less than 300mW. Its 
architecture consists of a continuous type filter based on a 
transconductor and a high speed parasitic free active 
integrator, allowing complete independence of the filter 
response from interconnect parasitics, thus realizing a 
family of frequency response curves optimized for disk 
drive read channel equalization. It consists of a 
programmable 6-pole 2-zero lowpass filter stage, two 
pairs of high-speed drivers, and a serial microprocessor 
interface. The poles of the transfer function approximate a 
maximally flat group delay (Bessel) response, whereas the 
symmetric zeros provide the high-frequency boost 
necessary for pulse slimming. The user can independently 
adjust both the corner frequency, as well as the slimming 
level. The desired frequency response is programmed by a 
14-bit serial input data stream which includes one bit for 
power-down, one bit for read/write control, and one bit 
for auto-zero control. The auto-zero circuitry, if enabled, 
reduces the output offsets to less than 20mV. The read/ 
write control is also provided by a hardware pin. The 
ML6005 is well suited for constant density recording 
systems (Zoned-bit recording) as well as for constant data 
rate systems. A 36Mbits/s version, ML6006 is also 
available. 


FEATURES 

■ 6-pole, 2-zero continuous time filter with < -45dB 
harmonic distortion 

■ Disk Data rates up to 24Mbit/s 

■ Programmable filter cutoff frequency 

(4.3:1 range in 64 steps) 

(fc = 3.13 to 13.5MHz) 

■ 32 step programmable pulse slimming equalization, 

0 to 10dB boost at fc. 

■ Power-down, Auto-zero, R/W modes programmable 
through bits in the Control Register 

■ Lowpass output and Differentiated Lowpass (Bandpass) 
output provided. 

■ Fully I/O balanced architecture with TTL/CMOS 
compatible interface 

■ High speed (upto 25MHz clock) three wire serial 
microprocessor interface 

■ Double buffered data latch for synchronous or 
asynchronous data loading. 

■ Single 5V ± 10% power supply 

■ 0°C - 70°C operating temperature 

■ Available in 20-pin SSOP package. 

■ 4 GHz/1.5p BiCMOS process 

■ Power Dissipation — Popr = 300mW, P^n = 7.5mW 


BLOCK DIAGRAM 


VINP (7) 


VINM (8) 


VCCI GND NC VCC2 

(13) (4,5,9,11) (6,12,16) (3) 



VOLP (1) 
VOLM (2) 
VOHP (20) 
VOHM (19) 


REXT 

SCLK 

SDATA 

CS 

R/W 

(10) 

(18) 

(17) 

(15) 

(14) 
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PIN CONNECTION 


20-Pin SSOP 


voLP ni 

1 

20 

U VOHP 

VOLM nz 

2 

19 

U VOHM 

VCC2 CT 

3 

18 

U SCLK 

GND EE 

4 

17 

□□ SDATA 

GND EE 

5 

16 

X3 NC 

NC EE 

6 

15 

m « 

VINP EC 

7 

14 

13 R/W 

VINM EC 

8 

13 

13 VCC1 

GND EE 

9 

12 

13 NC 

REXT EC 

10 

11 

13 GND 


TOP VIEW 



PIN DESCRIPTION 


PIN# 

NAME 

FUNCTION 

PIN# 

NAME 

FUNCTION 

1 

VOLP 

Normal Lowpass outputs 

15 


Control Register Enable. A logical 

. 2 

3 

VOLM 

VCC2 

Positive supply for the output 



low level allows the SCLK input to 
clock data into the control register 
via the SDATA input line. A logical 



drivers, 5V ± 10% 



high level latches the control 

4, 5, 

GND 

Ground 



register contents and issues the 

9, 11 


Signal Inputs 



information to the appropriate 
circuitry. A TTL input. 

7 

VINP 



8 

VINM 


17 

SDATA 

Control Register Data. A TTL input 

10 

REXT 

A 10K resistor between this pin and 

18 

SCLK 

Control Register Clock. Negative 



ground sets the filters corner 



edge triggerred control register 



frequency 



clock input. A TTL input. 

13 

VCC1 

Positive supply, 5V ±10% 

19 

VOHM 

Differentiated lowpass outputs 



20 

VOHP 


14 

R/W 

Read/Write Control pin, A low 




input level allows normal operation 

6, 12, 

NC 

No Connects, reserved for future 



of the filter in the read mode. A 

16 


use. 


high level input puts the filter in the 
write mode, where the input 
impedance is lowered to prevent 
the transients generated during 
write to read transitions from 
affecting the filter response; A TTL 
input. Additionally a metal mask 
option is available to configure this 
pin as either power down enable or 
frequency boost disable 
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ABSOLUTE MAXIMUM RATINGS 

VCC1, VCC2...+6.5 volts 

VINP, VINM, REXT, CS, SCLK, 

SDATA, RAV.GND - 0.3V to VCC1 + 0.3V 

VOLP, VOLM, 

VOHP, VOHM.GND - 0.3V to VCG2 + 0.3V 


Input Current per pin.± 25 mA 

Package Dissipation 

at Ta = 25°C (Surface Mount)...1.5 Watts 

Junction Temperature.+150°C 

Storage Temperature..-65°C to +150°C 


OPERATING CONDITIONS 


VCC1 = VCC2....+ 5 volts ± 10% 

VIN = (VINP-VINM)..1 Vp-p 

Rext....10 Kohms 

Serial Clock Frequency (SCLK) .< 25 MHz 

AC Coupling Capacitors.....> 0.0001 pF 


ELECTRICAL CHARACHTERISTICS 

The following specifications apply over the recommended operating conditions, unless otherwise stated. Please refer to the 
application/test setup digram: 

VCC1 = VCC2 = 5 volt ± 10%, Ta = 0°C to 70°C, Rext = 10 Kohms 
VIN = (VINP - VINM) = 1 Vp-p sinewave input 
VOL = (VOLP - VOLM) and VOH = (VOHP - VOHM) 

Input and Output coupling capacitors = 0.0047 pF 

RBI = 750 ohms (pins 1 & 2), RB2 = 750 ohms (pins 19 & 20) 

RL = 1000 (1000) ohms and CL = 50 (50) pF on pins 1 (19) and 2 (20) 

Serial Clock Frequency = 20 MHz, Power Down, Auto Zero, ReadAVrite bits = 0 
Digital timing measured at 1.4V midpoint 

Input control signals from 10% - 90% of VCC1 with (C = tf) < 5 ns. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

TYP. 

_1 

MAX 

UNITS 

DC CHARACTERISTICS 

Icc 

VCC Supply Current 

RB1=RB2 = INF 


60 

74 . 

mA 

Ipd 

Standby Current 

VIN = 0 


1.5 

2 

mA 


DIGITAL INPUT CHARACTERISTICS (SCLK, SDATA, CS) 


VIL 

Low Voltage 




0.8 

V 

VIH 

High Voltage 


2.0 



V 

IIH 

High Current 




1.0 

pA 

ML 

Low Current 




-1.0 

pA 

CIN 

Input Current 



5 


pF 


DIGITAL TIMING CHARACTERISTICS (SCLK, SDATA, CS) 


tpw-CS 

Width of CS, High/Low 


25 



ns 

tsu"5DATA 

SDATA Setup time to SCLK 


15 



ns 

tH-SDATA 

SDATA Hold Time 


5 



ns 

tsu-CS 

CS Setup Time to SCLK 


15 



ns 

tH-CS 

CS Hold Time to SCLK 


0 



ns 

tpH-SCLK 

SCLK Pulse Width 


20 



ns 

tH-SCLK 

CS Inactive to SCLK Active 


125 



ns 
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ELECTRICAL CHARACHTERISTICS 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

TYP. 

MAX 

UNITS 

EQUALIZER (NORMAL AND LOWPASS OUTPUT) 

AG 

Absolute Gain 

S0-S4 = 0, F0-F5 = 0 at 1 MHz 

-1.5 

-0.5 

0.5 

dB 

CF 

Cutoff Frequency, -3dB 

S0-S4 = 0, (-3dB slimming) 






(fref=1MHz) 

F5 F4 F3 F2 FI FO (fc) 

0 0 0 0 0 0 

12.15 

13.50 

14.85 

MHz 



0 0 0 0 0 1 

11.54 

12.82, 

14.10 

MHz 



0 0 0 0 1 0 

11.04 

12.27 

13.50 

MHz 



0 0 0 1 0 0 

10.13 

11.25 

12.38 

MHz 



0 0 1 0 0 0 

, 8.68 

9.64 

10.60 

MHz 



0 1 0 0 0 0 

6.75 ; 

: 7.50 

, 8.25 

MHz , 



1 0 0 0 0 0 

4.67 

5.19 

5.71 

MHz 



111111 

2.82 

3.13 

3.44 

MHz 

SL 

Slimming Level 

F0-F5 = 0; at CF 






(Gain at GF Referred to AG, 

S4 S3 S2 SI SO 






Vout = 1 Vp-p 

0 0 0 0 1 

-1.4 

-2.4 

-3.4 

dB 



0 0 0 1 0 

-0.9 

-1.9 

-2.9 

dB 



0 0 10 0 

-0.0 

-0.9 

-1.9 

dB 



0 1000 

-0.2 

0.8 

1.8 

dB 



1 0 0 0 0 

2.4 

3.4 

4.4 

dB 



1 1 1 11 

5.9 

6.9 

7.9 

dB 

GD 

Diff Group Delay 

Fref= 5.0MHz, F0-F5 = 0 

-1 


H-1 

ns 

HD 

Harmonic Distortion 

F0-F5 = 0, 






Second and Third related 

Vout = 1.5Vp-p, Fin = 9.0MHz 






to Fundamental 

S0-S4 = 0 (no slimming) 



-45 

dB 



S0-S4 = 1 (full slimming) 



-40 

dB 

ICN 

Idle Channel Noise 

F0-F5 = 0, VOLP 






(VIN = 0, DC- 78MHZ) 

S0-S4 = 0 (no slimming) 



2 

mVrms 



S0-S4 = 1 (full slimming) 



6 

mVrms 

DR 

Dynamic Range 

F0-F5 = 0, Fin = 13.5MHz 






(Signal/(Noise -f Distor)) 

S0-S4 = 0 (no slimming) 



-41 

dB 


Signal = 1 Vp-p 

S0-S4 = 1 (full slimming) 



-35 

dB 

PSRR 

Power Supply Rejection 

100mVp-p sinewave on Vcc 

F0-F5 = 0, S0-S4 = 0, Vin = 0 

Fin = 1.0MHz 


40 


dB 



Fin = 40MHz 


30 


dB 

DELP HI 

Phase Shift between LP 

All F's and S's = 0 






and HP Output 

Vin = 1Vp-p, Fin = 9.0MHz 

88 

90 

92 

Degree 


ANALOG 


VIP 

Input Signal Monotonicity 

All F's and S's = 0, (VINP - VINM) 

Fin = 9.0MHz 


1 

2 

Vp-p 

RID 

Differential Input Resistance 

VIN 1 = lOOmVp-p at 6.7MHz 

1.3 

2 

3 

Kohms 

CID 

Differential Input Capacitance 

VIN = lOOmVp-p at 6.7MHz 


5 ; 


pF 

ZIC 

Common-mode 

Input Impedence 



1 


Kohms 

RPD 

Recovery from Pwr Dn 

Auto Zero function OFF 


10 


ps 



Auto Zero function ON 


TBD 



VOS 

Output Offset Voltage 

Differential VOLP or VOHP 

Auto Zero ON (S0-S4 = 0 or 1) 



20 

mV 



Auto Zero OFF (S0-S4 = 0) 



300 

mV 



Auto Zero OFF (S0-S4 = l) 



TBD 

mV 
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ELECTRICAL CHARACHTERISTICS 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

TYP. 

MAX 

UNITS 

ANALOG (Continued) 

ROD 

Output Resistance 

Differential VIN = 0; at 6.7MHz 1 


5 


Ohms 

COD 

Output Capacitance 

Differential VIN = 0; at 6.7 MHz 


8 


PF 

ROC 

Output Resistance 

Common mode 






Common Mode 

VIN = 0; at 6.7MHz 


5 


Ohms 

COC 

Output Capacitance 

Common mode 






Common Mode 

VIN = 0; at 6.7MHz 


15 


pF 

CLSE 

Load Capacitance 

VOLP; RBI = 750 ohms 



50 

pF 



VOHP;RB2 = 750 ohms 



50 

pF 

RISE 

Load Resistance 

VOLP 

400 



Ohms 



VOHP 

400 



Ohms 

RLOZ 

Input Resistance 

Diff; PD and/or RW bit = 1 



350 

Ohms 

■oB 

Output Buffer Bias Current 

VOLP or VOHP, VOLM or VOHM 

1 

1.4 


mA 

lose 

Short Circuit Output Current 

VOLP or VOHP, VOLM or VOHM 


50 

100 

mA 

SBA 

Stopband Attenuation 

SO = 0 at 2CF 

TBD 



dB 


FUNCTIONAL DESCRIPTION 

INTRODUCTION 

Many of the high-frequency continuous-time filters have 
principally utilized a basic integrator consisting of a 
transconductance stage driving a passive integrating 
capacitor. These approaches are susceptible to frequency 
response variations due to the parasitic capacitances 
associated with the parasitic-sensitive output nodes of the 
integrator. This type of transconductance stage also often 
has low open-circuit voltage gain, resulting in limited 
practical Q range in the filter. The use of an active 
parasitic-insensitive integrator, has generally been avoided 
in these filters because of the additional excess phase that 
the amplifier contributes. 

The ML6005 is a continuous-time filter based on a 
transconductor and a high-speed parasitic free active 
integrator, allowing complete independence of the filter 
response from interconnect parasitics and a very wide 
range of realizable filter Q. A unique approach to 
cancelling the excess phase contributed by the hi-speed 
BiCMOS amplifier allows this filter to achieve 
reproducible responses at 13.5 MHz filter bandwidth in a 
1.5p/4GHz BiCMOS process. This active integrator 
incorporates a novel technique for setting the 
transconductance Cm value as a function of an external 
precision resistor, independent of temperature, supply, in 
conjunction with a wafer-sort trim technique to adjust 
capacitor process tolerances, thus eliminating the need for 
an on-chip PLL for tuning. 

The ML6005 filter consists of a 6^^ order Bessel low-pass 
and a 2nd order cosine equalizer stage. It is made up of 
three biquads with lowpass and bandpass outputs. Both 
outputs of the last stage are available with matched group- 
delay characteristics. The corner frequency is digitally 


programmable to 64 values over a 4 to 1 range, through 
the serial microprocessor interface. This is accomplished 
internally by changing the integrating capacitor value. 
Slimming equalization is done by digitally programming 
two real-symmetric zeroes, through the serial 
microprocessor interface. This boosts the high frequency 
response in 32 steps from 0 to 10 dB. 

In a typical application, the ML6005 is used together with 
a pulse detector such as the ML541, ML4041 or the 
ML8464 , making up a section of the AGC loop. Thus, the 
output of the AGC amplifier is AC coupled to the ML6005 
input and the output of the ML6005 is AC coupled not 
only to the rectifier input thus closing the AGC loop, but 
also to the pulse detector input. The ML6005 provides two 
sets of fully balanced outputs. The lowpass outputs and 
the differentiated lowpass outputs. The ML6005 input and 
output common mode voltage biases are generated on- 
chip. The ML6005 consists of an input common bias 
circuit, a programmable continuous type equalizer filter 
with normal and differentiated lowpass outputs, followed 
by output buffers, and a high speed serial microprocessor 
interface. The ML6005 processes only differential input 
signals, common mode inputs are rejected. The output 
should also be taken differentially in order to obtain the 
best performance. 

INPUT COMMON MODE 

The input common mode bias consists of two resistors as 
shown in the block diagram, and a buffer which biases the 
center point with a well defined voltage required by the 
internal circuitry. These resistors are 1000 Ohms each and 
together with the external coupling capacitor define the 
lower corner frequency of the transfer function. 
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EQUALIZER FILTER 

The filter transfer function is composed of a second order 
numerator and a sixth order denominator. The low 
frequency attenuation is set internally to OdB. The 
numerator realizes two zeros symmetrical symmetrical to 
the imaginary axis, one in the left and the other in the 
right half plane. The location of the zeros is 
programmable. This realizes a digitally programmable 
pulse slimming function in order to overcome intersymbol 
interference and thus contribute to increasing bit density. 
The slimming level is controlled by 5 bits in the control 
register, thus providing 32 different choices between 0 to 
10 dB. The denominator approximately realizes a 
maximally flat group delay (Bessel) function with a 
digitally programmable corner frequency controlled by 6 
bits in the control register, thus providing 64 different 
cutoff frequencies. 

SLIMMING LEVEL 

The slimming levels generated by the slimming bits are 
shown below. There are 5 bits of control, SO - S4. The 
typical gain of the equalizer at the cutoff frequency is 
shown in the table below. The gain at f^ in dB is also 
given by the formula : 

Gain (dB) = 20 x Log (0.707 x (1 + 0.06868 x K)) 
where K = 0, 1, . . . 31 

CUTOFF FREQUENCY 

There are 6 bits in the control register that controls the 
position of the cutoff frequency, FO - F5. The typical 
values of the cutoff (-3dB) frequency are shown in the 
table below for the case when SO - S4=0 (no slimming). 
There are a total of 64 frequencies available from 
13.5MHz down to 3.13MHz. Bits FI - F5 will select one 
of 32 frequency settings in a monotonic fashion. Bit FO is 
used to shift the whole frequency setting range by 5% 
lower than each of the 32 settings given by FI - F5. This 
offers a scheme to increase the effective resolution of the 
cutoff frequency programmability. This feature is specially 
useful in the higher frequency range, where the 
granularity is coarse. 

For example : 

By setting FO = 0, 

Cutoff frequency = 13.50 MFIz with F5 - FI = 00000 and 

Cutoff frequency = 12.27 MHz with F5 - FI = 00001, the 
next consecutive setting. 

Frequency delta between consecutive settings = 1.23 
MHz or about 9% of 13.50 MHz. 

By setting FO = 1, we can shift the consecutive cutoff 
frequency settings as follows : 

Cutoff frequency = 13.50 MHz with (F5 - FI, FO) = 

( 00000 , 0 ) 

Cutoff frequency = 12.82 MHz with (F5 - FI, FO) = 
(00000, 1) Delta = 0.68 MHz 


TABLE 1: TABLE OF SLIMMING LEVEL 
PROGRAMMING VALUES 


S4 

S3 

S2 

S1 

so 

K 

GAIN AT 

Fc (dB) 

STEPS 

(dB) 

0 

0 

0 

0 

0 

0 

- 3.0 


0 

0 

0 

0 

1 

1 

- 2.4 

0.6 

0 

0 

0 

1 

0 

2 

-1.9 

0.5 

0 

0 

0 

1 

1 

3 

- 1.4 

0.5 

0 

0 

1 

0 

0 

4 

-0.9 

0.5 

0 

0 

1 

0 

1 

5 

-0.4 

0.5 

0 

0 

1 

1 

0 

6 

-0.0 

0.4 

0 

0 

1 

1 

1 

7 

0.4 

0.4 

0 

1 

0 

0 

0 

8 

0.8 

0.4 

0 

1 

0 

0 

1 

9 

1.2 

0.4 

0 

1 

0 

1 

0 

10 

1.5 

0.3 

0 

1 

0 

1 

1 

11 

1.9 

0.4 

0 

1 

1 

0 

0 

12 

2.2 

0.3 

0 

1 

1 

0 

1 

13 

2.5 

0.3 

0 

1 

1 

1 

0 

14 

2.8 

0.3 

0 

1 

1 

1 

1 

15 

3.1 

0.3 

1 

0 

0 

0 

0 

16 

3.4 

0.3 

1 

0 

0 

0 

1 

17 

3.7 

0.3 

1 

0 

0 

1 

0 

18 

4.0 

0.3 

1 

0 

0 

1 

1 

19 

4.2 

0.2 

1 

0 

1 

0 

0 

20 

4.5 

0.3 

1 

0 

1 

0 

1 

21 

4.7 

0.2 

1 

0 

1 

1 

0 

22 

5.0 

0.3 

1 

0 

1 

1 

1 

23 

5.2 

0.2 

1 

1 

0 

0 

0 

24 

5.4 

0.2 

1 

1 

0 

0 

1 

25 

5.7 

0.3 

1 

1 

0 

1 

0 

26 

.5.9 

0.2 

1 

1 

0 

1 

1 

27 

6.1 

0.2 

1 

1 

1 

0 

0 

28 

6.3 

0.2 

1 

1 

1 

0 

1 

29 

6.5 

0.2 

1 

1 

1 

1 

0 

30 

6.7 

0.2 

1 

1 

1 

1 

1 

31 

6.9 

0.2 


Cutoff frequency = 12.27 MHz with (F5 - FI, FO) = 
(00001,0) Delta = 0.55 MHz 

Hence frequency delta between consecutive settings is 
lower, thus higher resolution. 

In the table 2 below, the cutoff frequencies are shown as 
two columns depending on the FO bit being zero or one. 
The monotonicity is guaranteed within the individual 
frequency columns, however because of the limitations of 
the 5% frequency circuitry, the monotonicity between the 
two columns cannot be guaranteed. This is especially 
significant at the lower end of the frequency range, where 
the difference in frequencies between the two column 
settings becomes very close (< 1 %). Further tuning of the 
cutoff frequency down to the 1 to 10% range can be 
achieved by modifying the value of the external resistor 
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from its ideal 10 Kohms value by 1 to 10%, which shifts 
the whole response. Larger changes are not recommended 
for proper operation of the filter. The corner frequency is 
given by the formula outlined below ; 

13.5x(l-F0x0.05) ^ lOKohms Lm, 
[l+0.1xINT(N/2)] Rext J 

OUTPUT BUFFER 

The output buffer is the final stage of the ML6005 for both 
the normal and differentiated outputs. This is a fully 
differential buffer with unity gain. Only 1.4 mA of sinking 
current is provided on chip. More drive can be obtained 
by connecting external resistors to ground. The common 
mode output voltage is typically 2V. 


SERIAL MICROPROCESSOR INTERFACE 

The serial microprocessor interface consists of a simple 
three-wire serial port. It consists of a fourteen bit serial 
shift register with a double bufferred latch for synchronous 
and asynchronous loading. A timing diagram and the 
control word definition are shown below. The 14-bit data 
word present on the SDATA line is serially shifted into the 
register on falling edges of the serial shift clock, SCLK, 
provided the CS pin is active (logical zero). FO should be 
shifted in first, and FI 3 (the power-down bit) shifted in last 
as shown below. When the CS pin is inactive (logical 
one), SDATA and SCLK are ignored, and the previously 
shifted information is latched at the rising edge of CS 
becoming inactive (logical one). It is reccommended that 
the SCLK input be kept inactive lovy till such time when it 
is in use. The SCLK input can run upto speeds of 25 MHz. 
The Autozero function, if enabled, minimizes the offsets at 
the filter outputs to 20mV. 


TABLE 2: TABLE OF CUTOFF FREQUENCY PROGRAMMiNG VALUES IN MHZ 


F5 

F4 

F3 

F2 

FI 

N 

fc with 

F0 = 0 

N 

fc with 

F0 = 1 

F5 

F4 

F3 

F2 

FI 

N 

fc with 

F0 = 0 

N 

fc with 

F0 = 1 

0 

0 

0 

0 

0 

0 

13.5 



0 

1 

1 

1 

1 



31 

5.13 

0 

0 

0 

0 

0 



1 

12.82 

1 

0 

0 

0 

1 

34 

5.00 



0 

0 

0 

0 

1 

2 

12.27 



1 

0 

0 

0 

0 



33 

4.93 

0 

0 

0 

0 

1 



3 

11.66 

1 

0 

0 

1 

0 

36 

4.82 



0 

0 

0 

1 

0 

4 

11.25 



1 

0 

0 

0 

1 



35 

4.75 

0 

0 

0 

1 

0 



5 

10.69 

1 

0 

0 

1 

1 

38 

4.66 



0 

0 

0 

1 

1 

6 

10.38 



1 

0 

0 

1 

0 



37 

4.58 

0 

0 

0 

1 

1 



7 

9.87 

1 

0 

1 

0 

0 

40 

4.50 



0 

0 

1 

0 

0 

8 

9.64 



1 

0 

0 

1 

1 



39 

4.42 

0 

0 

1 

0 

0 



9 

9.16 

1 

0 

1 

0 

1 

42 

4.35 



0 

0 

1 

0 

1 

10 

9.0 



1 

0 

1 

0 

0 



41 

4.28 

0 

0 

1 

0 

1 



11 

8.55 

1 

0 

1 

1 

0 

44 

4.22 



0 

0 

1 

1 

0 

12 

8.44 



1 

0 

1 

0 

1 



43 

4.14 

0 

0 

1 

1 

0 



13 

8.02 

1 

0 

1 

1 

1 

46 

4.09 



0 

0 

1 

1 

1 

14 

7.94 



1 

0 

1 

'1 

0 



45 

4.01 

0 

0 

1 

1 

1 



15 

7.54 

1 

1 

0 

0 

0 

48 

3.97 



0 

1 

0 

0 

0 

16 

7.50 



1 

0 

1 

1 

1 



47 

3.89 

0 

1 

0 

0 

0 



17 

7.13 

1 

1 

0 

0 

1 

50 

3.86 



0 

1 

0 

0 

1 

18 

7.11 



1 

1 

0 

0 

0 



49 

3.77 

0 

1 

0 

0 

1 



19 

6.75 

1 

1 

0 

1 

0 

52 

3.75 



0 

1 

0 

1 

0 

20 

6.75 



1 

1 

0 

0 

1 



51 

3.66 

0 

1 

0 

1 

1 

22 

6.43 



1 

1 

0 

1 

1 

54 

3.65 



0 

1 

0 

1 

0 



21 

6.41 

1 

1 

0 

1 

0 



53 

3.56 

0 

1 

1 

0 

0 

24 

6.14 



1 

1 

1 

0 

0 

56 

3.55 



0 

1 

0 

1 

1 



23 

6.11 

1 

1 

1 

0 

0 



55 

3.47 

0 

1 

1 

0 

1 

26 

5.87 



1 

1 

1 

0 

1 

58 

3.46 



0 

1 

1 

0 

0 



25 

5.83 

1 

1 

1 

0 

0 



57 

3.38 

0 

1 

1 

1 

0 

28 

5.63 



1 

1 

1 

1 

0 

60 

3.38 



0 

1 

1 

0 

1 



27 

5.58 

1 

1 

1 

0 

1 



59 

3.29 

0 

1 

1 

1 

1 

30 

5.40 



1 

1 

1 

1 

1 

62 

3.29 



0 

1 

1 

1 

0 



29 

5.34 

1 

1 

1 

r 

0 



61 

3.21 

1 

0 

0 

0 

0 

32 

5.19 



1 

1 

1 

1 

1 



63 

3.13 


Note: N is the decimal value of the cutoff frequency bits (F5 - FO), in the control 

register 


Micro Linear 5-217 





ML6005 

TIMING DIAGRAM 


CS SETUP SCLK WIDTH GS HOLD 

tsu-GS tpw-SCLK tH-CS 



CONTROL REGISTER DEFINITION 


FI 3 

FI 2 

Fir 

F10 F9 F8 F7 F6 

F5 F4 F3 F2 FI FO 

AZ 

PD 


SLIMMING CONTROL 

FREQUENCY CONTROL 


AZ 

AutoZero 

1 = Autozero circuitry activated 

0 ^ Autozero circuitry inactive 

PD 

Power Down 

1 = Chip is in power down mode 



0 = Chip is fully powered up 

Ww 

ReadAVrite 

1 = Write data mode 

0 = Read data mode 


APPLICATIONS CIRCUITAEST SETUP 


0.0047^F 

<Hl— 


0.0047(iF 


^ SERIAL laPI/F y 



(7) 

(1) 

VIN 

VOL 

(8) 

(2) 


FILTER 


(20) 


VOH 

(10) 

(19) 

REXT 



0.0047|aF 

—IH> 


^750n 
►(RBI) 

0.0047|^F 

rHH> 

^750a 

►(RBI) 


, RLOAD 
(100012) 


0.0047^F 

Mb’ 

^75012 
►(RBI) 

0.0047(xF 

i-HI-o 


I RLOAD 
(100012) 


j75oa 

►(RBI) 
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REF LEVEL /DIV 

-IS.OOOdB 5.000dB 

-IS.OOOdB S.OOOdB 


MARKERS 385 752.200Hz 
MAG (UDF) -25.348dB 
MARKERS 385 752.200Hz 
MAG (D4) -36.371 dB 



1M 10M 


REF LEVEL /DIV MARKER 3 385 752.200Hz 

-IS.OOOdB S.OOOdB (UDF) -25.270dB 

-IS.OOOdB S.OOOdB MARKERS 385 752.200Hz 

MAG(D4) -36.157dB 



1M 


lOM 


START 500 OOO.OOOHz 


STOP 50 OOO.OOOHz 


START 500 OOO.OOOHz 


STOP 50 OOO.OOOHz 


Filter Response (Lowpass Output) 

Shown are the ML6005 filter response at three different 
cutoff frequency (fj settings. Setting 1 =3.13 MHz, 2 = 
6.75 MHz and 3 = 13.5 MHz. At each of the fc settings, 
the filter response is shown with no slimming (A) and with 
full slimming (B) activated. 


Filter Response (Bandpass Output) 

Shown are the ML6005 filter response at three different 
cutoff frequency (y settings. Setting 1 = 3.13 MHz, 2 = 
6.75 MHz and 3 = 13.5 MHz. At each of the fc settings, 
the filter response is shown with no slimming (A) and with 
full slimming (B) activated. 


REF LEVEL /DIV MARKER 10 415 500.00Hz 

40.000nSEC l.OOOnSEC DELAY (UDF) 39.387nSEC 

40.000nSEC l.OOOnSEC MARKER 10 415 500.000Hz 

DELAY (UDF) 39.413nSEC 



START 100 OOO.OOOHz STOP 50 OOO.OOOHz 

AMPTD 50.119mV DELAY APER 2.392MHz 


REF LEVEL /DIV 

-90.000deg 1 .OOOdeg 


MARKER 13 632 170.100Hz 
PHASE (UDF) -89.709deg 


IM 

START 500 OOO.OOOHz 


STOP 50 OOO.OOOHz 


ML6005 Filter/Equalizer group Delay Tracking 

Shown are the curves to demonstrate group delay tracking 
between the lowpass (Vql) and bandpass (Vqh) outputs, 
at an fc of 13.5 MHz, with on slimming activated (A) and 
full slimming activated (B). It can be seen that the group 
delay tracking between the lowpass and bandpass outputs 
is well within 1 ns. 


Phase Difference between Lowpass 
and Bandpass Outputs 

Shown is the delta in the phase between the lowpass and 
bandpass outputs. Ideally the bandpass output should be 
-90°. The curve shows that this is within 1 ° for a 
frequency range of 50 MHz to 10 MHz. 


ML6005 FILTER/EQUALIZER CHARACTERISTICS 
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ML6005 

ORDERING INFORMATION 


PART NUMBER 

TEMPERATURE RANGE 

PACKAGE 

ML6GQ5CR 

0°Cto+70°C 

20-Pin SSOP (R20) 
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July 1992 
PRELIMINARY 


ML6006 


36 Mbps Read Channel Filter/Equalizer 


GENERAL DESCRIPTION 

The ML6006 is a monolithic analog filter/equalizer 
intended for hard disk drive read channel applications, 
capable of handling disk data rates upto 36Mbits/s, with 
an operating power dissipation of less than 350mW. Its 
architecture consists of a continuous type filter based on a 
transconductor and a high speed parasitic free active 
integrator, allowing complete independence of the filter 
response from interconnect parasitics, thus realizing a 
family of frequency response curves optimized for disk 
drive read channel equalization. It consists of a 
programmable 6-pole 2-zero lowpass filter stage, two 
pairs of high-speed drivers, and a serial microprocessor 
interface. The poles of the transfer function approximate a 
maximally flat group delay (Bessel) response, whereas the 
symmetric zeros provide the high-frequency boost 
necessary for pulse slimming. The user can independently 
adjust both the corner frequency, as well as the slimming 
level. The desired frequency response is programmed by a 
14-bit serial input data stream which includes one bit for 
power-down, one bit for read/write control, and one bit 
for auto-zero control. The read/write control is also 
provided by a hardware pin. The ML6006 is well suited 
for constant density recording systems (Zoned-bit 
recording) as well as for constant data rate systems. A 
24 Mbits/s version, ML6005 is also available. 


FEATURES 

■ 6-pole, 2-zero continuous time filter with < -45dB 
harmonic distortion 

■ Disk Data rates up to 36 Mbit/s 

■ Programmable filter cutoff frequency 

(4.3:1 range in 64 steps) 

(fc = 4.69 to 20.25 MHz) 

■ 32 step programmable pulse slimming equalization, 

0 to 10dB boost at fc. 

■ Power-down, Auto-zero, R/W modes programmable 
through bits in the Control Register 

■ Lowpass output and Differentiated Lowpass (Bandpass) 
output provided. 

■ Fully I/O balanced architecture with TTL/CMOS 
compatible interface 

■ High speed (upto 25MHz clock) three wire serial 
microprocessor interface 

■ Double buffered data latch for synchronous or 
asynchronous data loading. 

■ Single 5V ± 10% power supply 

■ 0°C - 70°C operating temperature 

■ Available in 20-pin SSOP package. 

■ 4 GHz/1.5p BiCMOS process 

■ Power Dissipation: Popr = 350mW, P^n = 7.5mW 


BLOCK DIAGRAM 


VINP (7) 


VINM (8) 


VCCI GND NC VCC2 



REXT SCLK SDATA CS RAV 

(10) (18) (17) (15) (14) 


VOLP (1) 
VOLM (2) 
VOHP (20) 
VOHM (19) 
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ML6006 


PIN CONNECTION 


20-Pin SSOP 


VOLP CH 1 
VOLM QI 2 
VCC2 n: 3 
GND CX 4 
GDN nz 5 
NC □: 6 
VINP CE 7 
VINM dl 8 
GND □! 9 
REXT LE 10 


20 □□ VOHP 


19 X] VOHM 
18 U SCLK 
17 XI SDATA 
16 X NC 
15 X « 

14 X RAV 
13 X VCC1 
12 X NC 
11 X GND 


TOP VIEW 


PIN DESCRIPTION 


PIN# 

NAME 

FUNCTION 

1 

VOLP 

Normal Lowpass outputs 

2 

VOLM 


3 

VCC2 

Positive supply for the output 
drivers, 5V ± 10% 

4, 5, 

9, 11 

GND 

Ground 

7 

VINP 

Signal Inputs 

8 

VINM 


io 

REXT 

A 10K resistor between this pin and 
ground sets the filters corner 
frequency 

13 

VCC1 

Positive supply, 5V ± 10% 

14 

R/W 

Read/Write Control pin. A low 


input level allows normal operation 
of the filter in the read mode. A 
high level input puts the filter in the 
write mode, where the input 
impedance is lowered to prevent 
the transients generated during 
write to read transitions from 
affecting the filter response. A TTL 
input. Additionally a metal mask 
option is available to configure this 
pin as either power down enable or 
frequency boost disable 


PIN# 

NAME 

FUNCTION 

15 


Control Register Enable. A logical 
low level allows the SCLK input to 
clock data into the control register 
via the SDATA input line. A logical 
high level latches the control 
register contents and issues the 
information to the appropriate 
circuitry. A TTL input. 

17 

SDATA 

Control Register Data. A TTL input 

18 

SCLK 

Control Register Clock. Negative 
edge triggerred Control register 
clock input. A TTL input. 

19 

20 

VOHM 

VOHP 

Differentiated lowpass outputs 

6 , 12 , 
16 

NC 

No Connects, reserved for future 
use. 
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ABSOLUTE MAXIMUM RATINGS 

VCC1, VCC2...+6.5 volts 

VINP/VINM, REXT, ~CS, SCLK, 

SDATA, ~R/W.GND - 0.3V to VCC1 + 0.3V 

VOLP, VOLM, 

VOHP, VOHM...GND - 0.3V to VCC2 + 0.3V 


Input Current per pin.± 25 mA 

Package Dissipation 

at Ta = 25°C (Surface Mount) ....1.5 Watts 

Junction Temperature ....+150°C 

Storage Temperature..-65°C to +150°C 

Lead Temperature (Soldering 10 sec) .260°C 


OPERATING CONDITIONS 


VCC1 = VCC2.......+ 5 volts ± 10% 

VIN - (VINP-VINM).1 Vp-p 

Rext..10 Kohms 

Serial Clock Frequency (SCLK) .< 25 MHz 

AC Coupling Capacitors.> 0.0001 pF 


ELECTRICAL CHARACTERISTICS 

The following specifications apply over the recommended operating conditions, unless otherwise stated. Please refer to the 
application/test setup digram: 

VCC1 = VCC2 = 5 volt ± 10%, Ta = 0°C to 70°C, Rext = 10 Kohms 
VIN = (VINP - VINM) = 1 Vp-p sinewave input 
VOL = (VOLP - VOLM) and VOH = (VOHP - VOHM) 

Input and Output coupling capacitors = 0.0047 pF 

RBI = 750 ohms (pins 1 & 2), RB2 = 750 ohms (pins 19 & 20) 

RL = 1000 (1000) ohms and CL = 50 (50) pF on pins 1 (19) and 2 (20) 

Serial Clock Frequency = 20 MHz, Power Down, Auto Zero, ReadAVrite bits = 0 
Digital timing measured at 1.4V midpoint 

Input control signals from 10% - 90% of VCC1 with (C = tf) < 5 ns. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

_1 

TYP. 

MAX 

UNITS 

DC CHARACTERISTICS 

Ice 

VCC Supply Current 

RB1=RB2 = INF 


70 

84 

mA 

Ipd 

Standby Current 

VIN = 0 


1.5 

2 

mA 


DIGITAL INPUT CHARACTERISTICS (SCLK, SDATA, CS) 


VIL 

Low Voltage 

1 



0.8 

■ 

V 

VIH 

High Voltage 


2.0 



V 

IIH 

High Current 




1.0 

pA 

ML 

Low Current 




-1.0 

pA 

CIN 

Input Current 



5 


pF 


DIGITAL TIMING CHARACTERISTICS (SCLK, SDATA, CS) 


tpw-CS 

Width of CS, High/Low 


25 



ns 

tsij-SDATA 

SDATA Setup time to SCLK 

' 

15 



ns 

tH-SDATA 

SDATA Hold Time 

■ 

5 



ns 

tsu-CS 

CS Setup Time to SCLK 

• 

■ 




ns 

tH-« 

CS Hold Time to SCLK 


0 



ns 

tpH-SCLK 

SCLK Pulse Width 


20 



ns 

tH-SCLK 

CS Inactive to SCLK Active 


125 



ns 
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ML6006 


ELECTRICAL CHARACTERISTICS 


SYMBOL 

parameter 

CONDITIONS 

MIN 

TYP. 

MAX 

UNITS 

EQUALIZER (NORMAL AND LOWPASS OUTPUT) 

AG 

Absolute Gain 

S0-S4 = 0, F0-F5 = 0 at 1 MHz 

-1.5 

-0.5 

0.5 

dB 

CF 

Cutoff Frequency, -3dB 

S0-S4 = 0, (-3dB slimming) 






(f^gf = 1 MHz) 

F5 F4 F3 F2 FI FO (fc) 

0 0 0 0 0 0 

18.23 

20.25 . 

, 22.28 

MHz 



0 0 0 0 0 1 

17.32, 

19.24 

21.16 

MHz 



0 0 0 0 1 0 

16.57 

18.41 

,20.25 

,MHz 



0 0 0 1 0 0 

15.19 

16.88 

18.57 

MHz 



0 0 1 0 0 0 

, 13.01 

14.46 

15.91 

MHz 



0 1 0 0 0 0 

1043. 

. 11.25 

12.38 

MHz 



1 0 0 0 0 0 

7.01 

7.79 

8.57 

MHz 



111111 

4.22 

4.69 

5.16 

MHz 

SL 

Slimming Level 

F0-F5 = 0; at CF 






(Gain at CF Referred to AG, 

S4 S3 S2 SI SO 






Vout = 1 Vp-p 

0 0 0 0 1 

-1.4 

-2.4 

-3.4 

dB 



0 0 0 1 0 

-0.9 J 

-1,9 

-2.9 

dB 



0 0 10 0 

^ -0.0 

-0.9 

-1.9 

dB 



0 10 0 0 

-0.2 

0.8 

1.8 

dB 



1 0 0 0 0 

2.4 

3.4 

4.4 

dB 



11 1 1 1 

■■ ' 5.9'V 

6.9 

7.9 

dB 

GD 

Diff Group Delay 

Fref= 7.5MHz, F0-F5 = Q ; , 



-hi 

; ns 

HD 

Harmonic Distortion 

FQ-F5 = 0, 






Second and Third related 

Vout = 1.5Vp-p, Fin = 13.5MHz 






to Fundamental 

S0-S4 = 0 (no slimming) 



-45 

dB 



S0-S4 = 1 (full slimming) 



-40 

dB 

ICN 

Idle Channel Noise 

F0-F5 = 0, VOLP 






(VIN = 0, DC-78MHZ) 

S0-S4 = 0 (no slimming) 



2 

mVrms 



S0-S4 = 1 (full slimming) 



6 

mVrms 

DR 

Dynamic Range 

F0-F5 = 0, Fin = 13.5MHz 






(SignalANoise - 1 - Distor)) 

S0-S4 = 0 (no slimming) 



-41 

dB 


(Signal = 1 Vp-p) 

S0-S4 = 1 (full slimming) 



r35 

dB 

PSRR 

Power Supply Rejection 

100mVp-p sinewave on Vcc 

F0-F5 = 0, S0-S4 = 0, Vin = 0 

Fin = 1.0MHz 


40 


dB 



Fin = 40MHz 


30 


dB 

DELP HI 

Phase Shift between LP 

All F's and S's = 0 






and HP Output 

Vin = 1Vp-p, Fin = 13.5MHz 

88 

: 90 

92 

Degree 


ANALOG 


VIP 

Input Signal Monotonicity 

All F's and S's = 0, (VINP - VINM) 

Fin = 13.5MHz 


1 

2 

Vp-p 

RID, 

Differential Input Resistance 

VIN = 100mVp-p at 10MHz 

1.3 

2 ,, 

3 

Kohms 

CID 

Differential Input Capacitance 

VIN = 10OmVp-p at 10MHz 


5 , ' 


pF 

ZIC 

Common-mode 

Input Impedence 



■ 1 


Kohms 

RPD 

Recovery from Pwr Dn 

Auto Zero function OFF 


10 


ps 



Auto Zero function ON 


TBD 


VOS 

Output Offset Voltage 

Differential VOLP or VOHP 

Auto Zero ON (S0-S4 = 0 or 1) 



20 

mV 



Auto Zero OFF (S0-S4 = 0) 



300 

mV 


■ 

Auto Zero OFF (S0-S4 = l) 



TBD 

mV 
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ELECTRICAL CHARACTERISTICS 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

TYP. 

MAX 

UNITS 

ANALOG (Continued) 

ROD 

Output Resistance 

Differential VIN = 0; at 10MHz j 


5 


Ohms 

COD 

Output Capacitance 

Differential VIN = 0; at 10 MHz 


8 


pF 

ROC 

Output Resistance 

Common mode 






Common Mode 

VIN = 0; at 10MHz 


5 


Ohms 

COC 

Output Capacitance 

Common mode 






Common Mode 

V1N = 0; at 10MHz 


15 


pF 

CLSE 

Load Capacitance 

VOLP; RBI = 750 ohms 



50 

pF 


■ 

VOHP; RB2 = 750 ohms 



50 

pF 

RISE 

Load Resistance 

VOLP 

400 



Ohms 



VOHP 

400 



Ohms 

RLOZ 

Input Resistance 

Diff; PD and/or RW bit = 1 



350 

Ohms 

•OB 

Output Buffer Bias Current 

VOLP or VOHP, VOLM or VOHM 

1 

1.4 


mA 

■osc 

Short Circuit Output Current 

VOLP or VOHP, VOLM or VOHM 

■ ■ 

50 

100 

mA 

SBA 

Stopband Attenuation 

SO = 0 at 2CF 

TBD 

_i 


dB 


FUNCTIONAL DESCRIPTION 

INTRODUCTION 

Many of the high-frequency continuous-time filters have 
principally utilized a basic integrator consisting of a 
transconductance stage driving a passive integrating 
capacitor. These approaches are susceptible to frequency 
response variations due to the parasitic capacitances 
associated with the parasitic-sensitive output nodes of the 
integrator. This type of transconductance stage also often 
has low open-circuit voltage gain, resulting in limited 
practical Q range in the filter. The use of an active 
parasitic-insensitive integrator, has generally been avoided 
in these filters because of the additional excess phase that 
the amplifier contributes. 

The ML6006 is a continuous-time filter based on a 
transconductor and a high-speed parasitic free active 
integrator, allowing complete independence of the filter 
response from interconnect parasitics and a very wide 
range of realizable filter Q. A unique approach to 
cancelling the excess phase contributed by the hi-speed 
BiCMOS amplifier allows this filter to achieve 
reproducible responses at 20 MHz filter bandwidth in a 
1.5p/4GHz BiCMOS process. This active integrator 
incorporates a novel technique for setting the 
transconductance Cm value as a function of an external 
precision resistor, independent of temperature, supply, in 
conjunction with a wafer-sort trim technique to adjust 
capacitor process tolerances, thus eliminating the need for 
an on-chip PLL for tuning. 

The ML6006 filter consists of a 6th order Bessel low-pass 
and a 2ncl order cosine equalizer stage. It is made up of 
three biquads with lowpass and bandpass outputs. Both 
outputs of the last stage are available with matched group- 
delay characteristics. The corner frequency is digitally 


programmable to 64 values over a 4 to 1 range, through 
the serial microprocessor interface. This is accomplished 
internally by changing the integrating capacitor value. 
Slimming equalization is done by digitally programming 
two real-symmetric zeroes, through the serial 
microprocessor interface. This boosts the high frequency 
response in 32 steps from 0 to 10 dB. 

In a typical application, the ML6006 is used together with 
a pulse detector such as the ML541, ML4041 or the 
ML8464 , making up a section of the AGC loop. Thus, the 
output of the AGC amplifier is AC coupled to the ML6006 
input and the output of the ML6006 is AC coupled not 
only to the rectifier input thus closing the AGC loop, but 
also to the pulse detector input. The ML6006 provides two 
sets of fully balanced outputs. The lowpass outputs and 
the differentiated lowpass outputs. The ML6006 input and 
output common mode voltage biases are generated on- 
chip. The ML6005 consists of an input common bias 
circuit, a programmable continuous type equalizer filter 
with normal and differentiated lowpass outputs, followed 
by output buffers, and a high speed serial microprocessor 
interface. The ML6005 processes only differential input 
signals, common mode Inputs are rejected. The output 
should also be taken differentially in order to obtain the 
best performance. 

iNPUT COMMON MODE 

The input common mode bias consists of two resistors as 
shown in the block diagram, and a buffer which biases the 
center point with a well defined voltage required by the 
internal circuitry. These resistors are 1000 Ohms each and 
together with the external coupling capacitor define the 
lower corner frequency of the transfer function. 
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EQUALIZER FILTER 

The filter transfer function is composed of a second order 
numerator and a sixth order denominator. The low 
frequency attenuation is set internally to OdB. The 
numerator realizes two zeros symmetrical symmetrical to 
the imaginary axis, one in the left and the other in the 
right half plane. The location of the zeros is 
programmable. This realizes a digitally programmable 
pulse slimming function in order to overcome intersymbol 
interference and thus contribute to increasing bit density. 
The slimming level is controlled by 5 bits in the control 
register, thus providing 32 different choices between 0 to 
10 dB. The denominator approximately realizes a 
maximally flat group delay (Bessel) function with a 
digitally programmable corner frequency controlled by 6 
bits in the control register, thus providing 64 different 
cutoff frequencies. 

SLIMMING LEVEL 

The slimming levels generated by the slimming bits are 
shown below. There are 5 bits of control, SO - S4. The 
typical gain of the equalizer at the cutoff frequency is 
shown in the table below. The gain at fc in dB is also 
given by the formula : 

Gain (dB) = 20 x Log (0.707 x (1 + 0.06868 x K)) 
where K = 0, 1, . . . 31 

CUTOFF FREQUENCY 

There are 6 bits in the control register that controls the 
position of the cutoff frequency, FO - F5. The typical 
values of the cutoff (-3dB) frequency are shown in the 
table below for the case when SO - S4=0 (no slimming). 
There are a total of 64 frequencies available from 
20.25MHz down to 4.69MHz. Bits FI - F5 will select one 
of 32 frequency settings in a monotonic fashion. Bit FO is 
used to shift the whole frequency setting range by 5% 
lower than each of the 32 settings given by FI - F5. This 
offers a scheme to increase the effective resolution of the 
cutoff frequency programmability. This feature is specially 
useful in the higher frequency range, where the 
granularity is coarse. 

For example : 

By setting FO = 0, 

Cutoff frequency = 20.25 MHz with F5 - FI = 00000 and 

Cutoff frequency = 18.41 MHz with F5 - FI = 00001, the 
next consecutive setting. 

Frequency delta between consecutive settings = 1.84 
MHz or about 9% of 20.25 MHz. 

By setting FO = 1, we can shift the consecutive cutoff 
frequency settings as follows : 

Cutoff frequency = 20.25 MHz with (F5 - FI, FO) = 

( 00000 , 0 ) 

Cutoff frequency = 19.24 MHz with (F5 - FT, FO) = 
(00000, 1) Delta = 1.01 MHz 


TABLE 1: TABLE OF SLIMMING LEVEL 
PROGRAMMING VALUES 


S4 

S3 

S2 

SI 

so 

K 

GAIN AT 

Fg (DB) 

STEPS 

(DB) 

0 

0 

0 

0 

0 

0 

-3.0 


0 

0 

0 

0 

1 

1 

-2.4 

0.6 

0 

0 

0 

1 

0 

2 

-1.9 

0.5 

0 

0 

0 

1 

1 

3 

- 1.4 

0.5 

0 

0 

1 

0 

0 

4 

- 0.9 

0.5 

0 

0 

1 

0 

1 

5 

- 0.4 

0.5 

0 

0 

1 

1 

0 

6 

- 0.0 

0.4 

0 

0 

1 

1 

1 

7 

0.4 

0.4 

0 

1 

0 

0 

0 

8 

0.8 

0.4 

0 

1 

0 

0 

1 

9 

1.2 

0.4 

0 

1 

0 

1 

0 

10 

1.5 

0.3 

0 

1 

0 

1 

1 

11 

1.9 

0.4 

0 

1 

T 

0 

0 

12 

2.2 

0.3 

0 

1 

1 

0 

1 

13 

2.5 

0.3 

0 

1 

1 

1 

0 

14 

2.8 

0.3 

0 

1 

1 

1 

1 

15 

3.1 

0.3 

1 

0 

0 

0 

0 

16 

3.4 

0.3 

1 

0 

0 

0 

1 

17 

3.7 

0.3 

1 

0 

0 

1 

0 

18 

4.0 

0.3 

1 

0 

0 

1 

1 

19 

4.2 

0.2 

1 

0 

1 

0 

0 

20 

4.5 

0.3 

1 

0 

1 

0 

1 

21 

4.7 

0.2 

1 

0 

1 

T 

0 

22 

5.0 

0.3 

1 

0 

1 

1 

1 

23 

5.2 

0.2 

1 

1 

0 

0 

0 

24 

5.4 

0,2 

1 

1 

0 

0 

1 

25 

5.7 

0.3 

1 

1 

0 

1 

0 

26 

5.9 

0.2 

1 

1 

0 

1 

T 

27 

6.1 

0.2 

1 

1 

1 

0 

0 

28 

6.3 

0.2 

1 

1 

1 

0 

1 

29 

6.5 

0.2 

1 

1 

1 

1 

0 

30 

6.7 

0.2 , 

1 

1 

1 

1 

1 

31 

6.9 

0.2 


Cutoff frequency = 18.41 MHz with (F5 - FI, FO) = 
(00001,0) Delta = 0.83 MHz 

Hence frequency delta between consecutive settings is 
lower, thus higher resolution. 

In the table 2 below, the cutoff frequencies are shown as 
two columns depending on the FO bit being zero or one. 
The monotonicity is guaranteed within the individual 
frequency columns, however because of the limitations of 
the 5% frequency circuitry, the monotonicity between the 
two columns cannot be guaranteed. This is especially 
significant at the lower end of the frequency range, where 
the difference in frequencies between the two column 
settings becomes very close (< 1 %). Further tuning of the 
cutoff frequency down to the 1 to 10% range can be 
achieved by modifying the value of the external resistor 
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from its ideal 10 Kohms value by 1 to 10%, which shifts 
the whole response. Larger changes are not recommended 
for proper operation of the filter. The corner frequency is 
given by the formula outlined below : 

( 2Q.25x(l-F0xQ.05) iOKohms \... 

^ [ [l+0.1xINT(N/2)] Rext J 

OUTPUT BUFFER 

The output buffer is the final stage of the ML6006 for both 
the normal and differentiated outputs. This is a fully 
differential buffer with unity gain. Only 1.4 mA of sinking 
current is provided on chip. More drive can be obtained 
by connecting external resistors to ground. The common 
mode output voltage is typically 2V. 


SERIAL MICROPROCESSOR INTERFACE 

The serial microprocessor interface consists of a simple 
three-wire serial port. It consists of a fourteen bit serial 
shift register with a double bufferred latch for synchronous 
and asynchronous loading. A timing diagram and the 
control word definition are shown below. The 14-bit data 
word present on the SDATA line is serially shifted into the 
register on falling edges of the serial shift clock, SCLK, 
provided the CS pin is active (logical zero). FO should be 
shifted in first, and FI 3 (the power-down bit) shifted in last 
as shown below. When the CS pin is inactive (logical 
one), SDATA and SCLK are ignored, and the previously 
shifted information is latched at the rising edge of CS 
becoming inactive (logical one). It is reccommended that 
the SCLK input be kept inactive low till such time when it 
is in use. The SCLK input can run upto speeds of 25 MHz. 
The Autozero function, if enabled, minimizes the offsets at 
the filter outputs to 20mV. 


TABLE 2: TABLE OF CUTOFF FREQUENCY PROGRAMMING VALUES IN MHZ 


F5 

F4 

F3 

F2 

FI 

N 

fc with 
F0 = 0 

N 

II 

F5 

F4 

F3 

F2 

FI 

N 

II 

o 3- 

N 

fc with 

F0 = 1 

0 

0 

0 

0 

0 

0 

20.25 



0 

1 

1 

1 

1 



31 

7.70 

0 

0 

0 

0 

0 



1 

19.24 

1 

0 

0 

0 

1 

34 

7.50 



0 

0 

0 

0 

1 

2 

18.41 



1 

0 

0 

0 

0 



33 

7.40 

0 

0 

0 

0 

1 



3 

17.49 

1 

0 

0 

1 

0 

36 

7.23 



0 

0 

0 

1 

0 

4 

16.88 



1 

0 

0 

0 

1 



35 

7.12 

0 

0 

0 

1 

0 



5 

16.03 

1 

0 

0 

1 

1 

38 

6.98 



0 

0 

0 

1 

1 

6 

15.58 



1 

0 

0 

1 

0 



37 

6.87 

0 

0 

0 

1 

1 



7 

14.80 

1 

0 

1 

0 

0 

40 

6.75 



0 

0 

1 

0 

0 

8 

14.46 



1 

0 

0 

1 

1 



39 

6.63 

0 

0 

1 

0 

0 



9 

13.74 

1 

0 

1 

0 

1 

42 

6.53 



0 

0 

1 

0 

1 

10 

13.50 



1 

0 

1 

0 

0 



41 

6.41 

0 

0 

1 

0 

1 



11 

12.83 

1 

0 

1 

1 

0 

44 

6.33 



0 

0 

1 

1 

0 

12 

12.66 



1 

0 

1 

0 

1 



43 

6.21 

0 

0 

1 

1 

0 



13 

12.02 

1 

0 

1 

1 

1 

46 

6.14 



0 

0 

1 

1 

1 

14 

11.91 



1 

0 

1 

1 

0 



45 

6.01 

0 

0 

1 

1 

1 



15 

11.32 

1 

1 

0 

0 

0 

48 

5.96 



0 

1 

0 

0 

0 

16 

11.25 



1 

0 

1 

1 

1 



47 

5.83 

0 

1 

0 

0 

0 



17 

10.69 

1 

1 

0 

0 

1 

50 

5.79 



0 

1 

0 

0 

1 

18 

10.66 



1 

1 

0 

0 

0 



49 

5.66 

0 

1 

0 

0 

1 



19 

10.13 

1 

1 

0 

1 

0 

52 

5.63 



0 

1 

0 

1 

0 

20 

10.13 



1 

1 

0 

0 

1 



51 

5.50 

0 

1 

0 

1 

1 

22 

9.64 



1 

1 

0 

1 

1 

54 

5.47 



0 

1 

0 

1 

0 



21 

9.62 

1 

1 

0 

1 

0 



53 

5.34 

0 

1 

1 

0 

0 

24 

9.20 



1 

1 

1 

0 

0 

56 

5.33 



0 

1 

0 

1 

1 



23 

9.16 

1 

1 

1 

0 

0 



55 

5.20 

0 

1 

1 

0 

1 

26 

8.80 



1 

1 

1 

0 

1 

58 

5.19 



0 

1 

1 

0 

0 



25 

8.74 

1 

1 

1 

0 

0 



57 

5.06 

0 

1 

1 

T 

0 

28 

8.44 



1 

1 

1 

1 

p 

60 

5.06 



0 

1 

1 

0 

1 



27 

8.36 

1 

1 

1 

0 

1 



59 

4.93 

0 

1 

1 

1 

1 

30 

8.10 



1 

1 

1 

1 

1 

62 

4.94 



0 

1 

1 

1 

0 



29 

8.02 

1 

1 

1 

1 

0 



61 

4.81 

1 

0 

0 

0 

0 

32 

7.79 



1 

1 

1 

1 

1 



63 

4.69 


Note: N is the decimal value of the cutoff frequency bits (F5 - FO), in the control 

register 
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TIMING DIAGRAM 


CS SETUP SCLK WIDTH GS H^LD 

tsu-CS tpw-SCLK tH-CS 



Figure 1. 


CONTROL REGISTER DEFINITION 


FI 3 

FI 2 

F11 

FIO F9 F8 F7 F6 

F5 F4 F3 F2 FI FO 

AZ 

PD 

RW 

SLIMMING CONTROL 

FREQUENCY CONTROL 


AZ 

AutoZero 

1 = Autozero circuitry activated 

0 = Autozero circuitry inactive 

PD 

Power Down 

1 = Chip is in power down mode 
0 = Chip is fully powered up 

RW 

ReadAVrite 

• 1 = Write data mode 

0 = Read data mode 


APPLICATIONS 


0.0047HF 

‘HI— 


0,0047|aF 


^ SERIAL 4 PI/F y 



(7) 

(1) 

VIN 

VOL 

(8) 

(2) 


FILTER 


(20) 


VOH 

(10) 

(19) 

REXT 



0.0047^F 

-Hho 


^7500 
►(RBI) 

0.0047^F 

-HH’ 

J750Q 

pRBl) 

0.0047)iF 

f^\-o 

^750Q 
►(RB2) 


I RLOAD 
(lOOOD) 


I RLOAD 
(1000Q) 


0.0047HF 

^750Q 

►(RB2) 
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REF LEVEL /DIV MARKER 21 848 415.800Hz 

25.000dB S.OOOdB MAG (DDF) 9.617dB 

25.000dB S.OOOdB MARKER 21 848 415.800H2 

MAG(D4) -3.166dB 


REF LEVEL /DIV MARKER 20 391 123.200Hz 

1 S.OOOdB S.OOOdB (UDF) 9.380B 

IS.OOOdB S.OOOdB MARKER 20 391 123.200Hz 

MAG(D4) -3.190dB 



Filter Response (Lowpass Output) 

Shown are the ML6006 filter response at three different 
cutoff frequency (fc) settings. At each of the f^ settings, the 
filter response is shown with no slimming and with full 
slimming activated. 


Filter Response (Lowpass and Bandpass Outputs) 

Shown are the ML6006 filter characteristic curves for the 
lowpass and bandpass outputs, with no slimming and full 
slimming activated. 


REF LEVEL /DIV MARKER 20 338 750.000Hz REF LEVEL /DIV MARKER 13 478 921.800Hz 


31.000nSEC I.OOOnSEC DELAY (UDF) 29.593nSEC -90.000deg O.SOOdeg PHASE (UDF) -90.659deg 

31.000nSEC I.OOOnSEC MARKER 20 338 750.000Hz _____ 

DELAY (UDF) 30.446nSEC | I I | ] I I I I | I | I I I ^ ^ T 



ML6006 Filter/Equalizer Group Delay Tracking 

Shown are the curves to demonstrate group delay tracking 
between the lowpass (Vql) and bandpass (Voh) outputs, 
with no slimming activated (min) and full slimming 
activated (max). It can be seen that the group delay 
tracking between the lowpass and bandpass outputs is 
well within 1 ns. 


Phase Difference between Lowpass 
and Bandpass Outputs 

Shown is the delta in the phase between the lowpass and 
bandpass outputs. Ideally the bandpass output should be 
-90°. The curve shows that this is within 1 ° for a 
frequency range of 50 MHz to 10 MHz. 
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ML6006 

ORDERING INFORMATION 



M^Micro Linear 


5-230 





Micro Linear 


July 1992 

ADVANCED INFROMATION 


ML6007 


48 Mbps Read Channel Filter/Equalizer 


GENERAL DESCRIPTION 

The ML6007 is a monolithic analog filter/equalizer 
intended for hard disk drive read channel applications, 
capable of handling disk data rates upto 48Mbits/s, with 
an operating power dissipation of less than 400mW. Its 
architecture consists of a continuous type filter based on a 
transconductor and a high speed parasitic free active 
integrator, allowing complete independence of the filter 
response from interconnect parasitics, thus realizing a 
family of frequency response curves optimized for disk 
drive read channel equalization. It consists of a 
programmable 6-poIe 2-zero lowpass filter stage, two 
pairs of high-speed drivers, and a serial microprocessor 
interface. The poles of the transfer function approximate a 
maximally flat group delay (modified Bessel type) 
response, whereas the symmetric zeros provide the high- 
frequency boost necessary for pulse slimming. The user 
can independently adjust both the corner frequency, as 
well as the slimming level. The desired frequency 
response is programmed by a 14-bit serial input data 
stream which includes one bit for power-down, one bit for 
read/write control, and one bit for auto-zero control. Real¬ 
time power down control is provided by a hardware pin. 
Metal mask options are available to configure this pin to 
realize ReadAVrite or Slimmer disable functions. The 
ML6007 is well suited for constant density recording 
systems (Zoned-bit recording) as well as for constant data 
rate systems. 


FEATURES 

■ 6-pole, 2-zero continuous time filter with < -45dB 
harmonic distortion 

■ Disk Data rates up to 48 Mbit/s 

■ Programmable filter cutoff frequency 

(2.8:1 range in 64 steps) 

(fc = 9.37 to 27 MHz) 

■ 32 step programmable pulse slimming equalization, 

0 to 10dB boost at fc- 

■ Power-down, Auto-Zero, R/W modes programmable 
through bits in the Control Register 

■ Lowpass output and Differentiated Lowpass (Bandpass) 
output provided. 

■ Fully I/O balanced architecture with TTL/CMOS 
compatible interface 

■ High speed (upto 25MHz clock) three wire serial 
microprocessor interface 

■ Double buffered data latch for synchronous or 
asynchronous data loading. 

■ Single 5V ± 10% power supply 

■ Available in 20-pin SSOP package. 

■ 4 GHz/1.5p BiCMOS process 

■ Power Dissipation: Popr = 400mW, P^n = 1 OmW 


BLOCK DIAGRAM 


VCCl GND NC VCC2 

(13) (4,5,9,11) (6,12,16) (3) 



REXT 

SCLK 

SDATA 

CS 

PDN 

(10) 

(18) 

(17) 

(15) 

(14) 


VOLP (1) 
VOLM (2) 
VOHP (20) 
VOHM(19) 



Linear 


5-231 








ML6007 

PIN CONNECTION 


20-Pm SSOP 


voLP nn 

1 

20 

TJ VOHP 

VOLM ni 

2 

19 

HI VOHM 

VCC2 nz 

3 

18 

XI SCLK 

GND CX 

4 

17 

X SDATA 

GND ni 

5 

16 

X NC 

Nc nn 

6 

15 

X CS 

viNP nz 

7 

14 

X PDN 

VINM ni 

8 

13 

X VCC1 

GND QI 

9 

12 

X NC 

REXT nz 

10 

11 

X GND 


TOP VIEW 



PIN DESCRIPTION 


PIN# 

NAME 

FUNCTION 

PIN# 

NAME 

FUNCTION 

1 

VOLP 

Normal Lowpass outputs 

15 


Control Register Enable. A logical 

2 

VOLM 




low level allows the SCLK input to 

3 

VCC2 

Positive supply for the output 
drivers, 5V ± 10% 



clock data into the control register 
via the SDATA input line. A logical 
high level latches the control 

4, 5, 

GND 

Ground 



register contents and issues the 

9, 11 

VINP 

Signal Inputs 



information to the appropriate 
circuitry. A TTL input. 

7 



8 

VINM 


17 

SDATA 

Control Register Data. A TTL input 

10 

REXT 

A 1 OK resistor between this pin and 

18 

SCLK 

Control Register Clock. Negative 



ground sets the filters corner 



edge triggerred control register 



frequency 



clock input. A TTL input. 

13 

VCC1 

Positive supply, 5V ± 10% 

19 

20 

VOHM 

VOHP 

Differentiated lowpass outputs 

14 

PDN 

Power Down Control pin. A low 




level input allows normal operation 

6, 12, 

NC 

No Connects, reserved for future 



of the filter. A high level input puts 

16 


use. 


the filter in the power down mode, 
a TTL input. Additionally a metal 
mask option is available to 
configure this pin as either READ/ 
WRITE or FREQUENCY BOOST 
DISABLE. 
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ML600X - Filter/Equalizer Eval Board 


1.0 INTRODUCTION 

The ML6005/6 eval board provides a vehicle to 
conveniently evaluate the ML6005/6 Filter/Equalizer 
chips, intended for hard disk read channel applications. 
Detailed specifications of the part can be found in the 
ML6005/6 data sheet. The eval board consists of three 
BNC connectors for the input signal to the filter, the 
normal lowpass filter output and the differentiated 
bandpass output. The programming of the filter is 
accomplished with an interface to an IBM PC through the 
standard parallel printer port. An executable program is 
provided, which provides the user interface to program 
the various parameters of the filter, through this parallel 
port Interface. 

2.0 EVALUATION BOARD 
DESCRIPTION & SETUP 

The filter response from the demo board can be evaluated 
with the help of a network analyzer (NA). Refer to a 
detailed schematic of the board attached. The demo board 
has one analog input and two analog outputs. The BNC 
from the SOURCE output of the NA is connected to the 
input BNC, V|N, of the demo board, which drives the one- 
to-one input transformer. The output side of the input path 
transformer is terminated with 5012 to match the SOURCE, 
and is AC coupled to the input of the ML6005/6. The 
input of the ML6005/6 has an impedance of 100012 so the 
input corner frequency, with C = 0.0047p.F, is 33.8kHz. 

Both the outputs from the ML6005/6, the normal lowpass 
output and the differentiated bandpass output, are 
handled in the same way. Consider the low-pass, Vql 
path. The plus and minus outputs are both biased by 
75012 and are then AC coupled to 100012 resistors in 
series with the transformer inputs. 

The output side of the transformer goes directly to the NA 
where it is terminated by 5012. The 100012 resistors in 
series with the transformer inputs results in an attenuation, 
since the transformer reflects the NA 5012 load back to the 
input side; 1/2 of the 5012 is in the plus-side circuit and 
1/2 is in the minus-side circuit so the attenuation is 
25/(1025) = 1/41 (-32.26dB). The NA gain/attenuation 
setting has to take this into account. This is for 
normalization and does not effect the shape of the 
frequency response curve. The eval board output coupling 
capacitors are 0.0047 iliF and therefore each has a break 
point with its 100012 series resistor at 33.8kHz, the same 
as the corner frequency of the input coupling capacitors. 


The corner frequency and boost of the ML6005/6 are 
programmable through the serial interface. The upper left 
hand corner of the schematic shows the serial interface 
connection. As pointed out earlier, the programming of 
the ML6005/6 serial interface is done through the parallel 
port of an IBM PC. The interface program supplied with 
the demo board implements the three wire serial interface 
protocol to transmit the 14 control bits to the ML6005/6 
internal shift register. The LSB is transmitted first. For 
details on the timing relationship of the serial interface, 
please refer to the data sheet. CS is a active low signal that 
is asserted before the first data bit is transmitted. This 
signals the start of data being clocked into the control 
register and is de-asserted after thelast data bit is 
transmitted,which latches the data Internally. SCLK is the 
dock signal of the three wire serial interface and has the 
negative edge active. NOTE: The last active l ow g oing 
edge must remain low at least 150ns after the CS signal is 
de-asserted. SDATA is the active high serial data line. 

3.0 GETTING STARTED 

To start evaluation of the ML6005/6 using the Eval board, 
the following equipment will be required : 

— IBM PC-AT (or compatible) with 640K of RAM, a 
parallel printer port card and a mouse, (with a 
math co-processor, not mandatory) 

— A parallel printer cable (shielded preferred) with a 
male connector on both ends. 

— A +5 volt power supply and banana plugs. 

— A HP 3577A Network Analyzer (or some other 
analyzer to see the frequency response). 

— 3 BNC cables, short cables recommended 

— ML6005/6 Eval board and interface program, 

(ver 2.0). 

The socket on the demo board has 24 pins whereas the 
ML6005/6 is a 20-pin SSOP package. Hence, ensure that 
pin one of the part is justified to pin one of the socket. 
Holding the board with the socket lid opening to the right, 
pin one is on the top left corner of the socket. Set up the 
PC and connect the parallel cable from LPT1 or LPT2 to 
the demo board. Connect the +5V power and ground to 
the demo board with banana jacks. Connect the NA 
output or any other input source to V|fsj of the demo 
board. Connect the NA Inputs to Vql and Vqh of the 
demo board. 
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The demo program is provided ori a diskette and comes 
with a number of files. It is important that all the files 
resideTn the same directory that the ".exe" file is executed 
from. Hence follow these steps to install the program on 
drive C : ; 

—: type A: <enter> 

— type iNSTALL.BAT <enter> 

The program will be installed on your C: drive and will 
automatically start execution. If the user quits from the 
program and wishes to restart the demo program again, 
then while in the ml600x directory 

— type uLDEMO.BAT <enter> 

The first screen (refer screen#1 in attached figure), comes 
up with the Micro Linear logo and asks the user to let the 
program know the parallel port selected ( LPTT or LPT2 ) 
and the device under test ( ML6005 or ML6006 ). In 
addition the Eval board shows the frequency response of a 
6th order Bessel including the effect due to the (0.0047pF) 
input and output coupling capacitors. It asks the user to 
program the start and stop frequency values for this 
frequency response display. NOTE: This ideal Bessel 
response is shown to give a feeling of the frequency 
response. The actual filter response is embellished by the 
finer realizations in actual silicon implementation. Having 
done that, click on the run box to get the operating screen 
which allows the user to change the parameters of the 
filter, or click on the quit box to end the program 
altogether. 

The main operating screen (refer screen #2 in attached 
figure), allows the entry of three pieces of information; the 
mode bits, the boost values and the corner frequency 
values. The mode bits viz. power down, read/write, and 
autozero are shown as toggle switches and can be turned 
on or off, as desired, using the mouse. The cutoff 
frequency is seen as a sub-window in the main dialog 
window.. ; 

This sub-window shows the cutoff frequency in MHz, the 
6 bit binary value of the cutoff frequency setting in the 
control register, and also the decimal value of this setting. 
The slimming boost options are seen as another sub- 
window in the main dialog window. This sub-window 
shows the boost values in dB, the five bit binary value of 
the boost setting in the control register, and also the 
decimal value of this setting.The values in the sub¬ 
windows can be changed by clicking on the up and down 
arrows seen at the edge of the box or if the user clicks 
once with the cursor inside the sub-window, a menu pops 
up showing the various values available for that sub- 
window. Keeping the mouse button pressed at the last line 
scrolls the sub-window. Moving the mouse one line up, 
with the button pressed, stops the scrolling. Move the 
mouse to the desired setting, while keeping the button 
pressed, and release for selecting that setting. In the 
bottom of the dialog box is a sub-window showing the 
current programmed contents of the control register. In 
addition, there is a SERIAL SEND box, clicking on which, 
sends the programmed information^ over the serial 


interface to the chip. However, if the AUTO SfND box is 
selected, then whenever any of the iriformation is updated 
in the dialog window, the control register is automatically 
updated in a real-time rhanner. When the user clicks on 
the PLOT box, the frequency response is plotted on the 
screen, based on the current control register parameters. 

If the AUTO PLOT box is selected, then every time the 
control register parameters are updated, the plot on the 
screen is also automatically updated. The ERASE bok is 
used to clear the plot on the screen. If the OVERLAY box 
is selected then the multiple frequency response curves 
are overlayed. One on top of the previous one, as long as 
the original scale can handle the responses. However if 
the most current response plot requires a change of scale 
on the Y-axis, then all the previous plots will be erased. 
Hence, if the previous plots need to be retained, even if 
the most current plot needs a different scale, then the 
LOCK GRAF box needs to be selected. 

Clicking on the RETURN box, takes the user back to the 
first screen. It should be noted that the frequency response 
shown on the screen is an ideal bessel type response, and 
hence is not an exact representation of the filter transfer 
function implemented inside the chip. 

4.0 SAMPLE EVALUATION 
EXPERIMENTS 

Caution : Before running any tests on the eval board 
using the Network Analyzer, be sure to normalize it for 
its own internal phase errors. 

Normalization on the HP network analyser is done by 
setting the receiver ATTEN to 20dB and Connecting the 
SOURCE via a BNC cable directly back to INPUT A. Set 
up the frequency range etc. and press TRIGGER to get a 
sweep and then press MEASR CAL. After caliberation set 
the receiver ATTEN to OdB. Outlined below are some of 
the evaluation experiments. 

4.1 POWER DOWN MODE TEST 

Put a current meter in series with the demo board's +5V 
power supply and monitor the current in both the power 
down state and the non power down state. This measured 
current includes the drop through the external bias 
resistors. Therefore, to get an accurate value subtract the 
current due to the 7500 external bias resistors, 
approximately 10.7mA, and the 50pA current due to the 
pull-up resistor R9. 

4.2 READAVRITE CONTROL FUNCTION TEST 

Set the RW bit on and off in the control register and 
measure the input impedance in each state.; In the read 
mode, with the bit low, the differential input impedance is 
2k, while in the write mode the impedance is 350Q. The 
ReadAVrite mode can be controlled through the serial 
interface or by the switch provided on the eval board 
(optional). The filter provides a clamping of the input to 
protect against transients generated during a write to read 
transition. 
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4.3 FREQUENCY RESPONSE MEASUREMENTS 

At maximum no slimming and full slimming 
At minimum no slimming and full slimming 

— Normal lowpass output (Vql)/ •'efer graph 1 

— Differentiated Bandpass output ( Vqh )/ refer graph 2 

4.4 GROUP DELAY TRACKING 

Tracking between the normal lowpass output (Vql) and 
the differentiated bandpass output 


(Vqh) for both cases of no slimming and full slimming. 
Refer to graph 3, showing that the group delay tracking is 
within 1 ns within the frequency range of interest. 

4.5 LOG PHASE 

Phase Difference between the normal lowpass output and 
differentiated bandpass output. Refer to graph 4, which 
shows that the phase difference is actually within 1° for 
the frequency range of 5 to 20MHz. 


REF LEVEL /DIV 
-IS.OOOdB S.OOOdB 


1 Fc = 4.84 MHz 
SLIM = MAX 


2 Fc = 4.84 MHz 
SLIM = MIN 


3 Fc = 20.25 MHz 
SLIM = MAX 


4 Fc = 20.25 MHz 
SLIM = MIN 


MARKER 4 891 251.000Hz 
MAG (UDF) -24.450dB 
MARKER 4 891 251.000Hz 
MAG (D4) -35.598dB 



1M 10M 

START 500 000 . OOOHz STOP 50 000 . OOOHz 


REF LEVEL /DIV MARKER 4 884 OOO.OOOHz 

32.000nSEC I.OOOnSEC DELAY (UDF) 32.126nSEC 

32.000nSEC I.OOOnSEC MARKER 4 884 OOO.OOOHz 

DELAY (D4) 32.040nSEC 



Graph 1 

(Frequency Response - Lowpass) 


Graph 3 
(Group Delay) 


REF LEVEL /DIV MARKER 4 891 251.000Hz 

-IS.OOOdB S.OOOdB MAG (UDF) -24.193dB 



Fc = 4.84 MHz 
SLIM = MAX 

Fc = 4.84 MHz 
SLIM = MIN 

Fc = 20.25 MHz 
SLIM = MAX 

Fc = 20.25 MHz 
SLIM = MIN 


1M 

START 500 OOO.OOOHz 


10M 

STOP 50 OOO.OOOHz 


REF LEVEL /DIV MARKER 13 632 170.100Hz 



1M 

START 500 000 . OOOHz 


10M 

STOP 50 000 OOO.OOOHz 


Graph 2 

(Frequency Response - Bandpass) 


Graph 4 

(Phase Error - Vqh vs. Vql) 
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ML6005/6 EVAL BOARD BOM 


DESCRIPTION 

VENDOR 

PART# 

QUAN 

Transformer T1, T2, T3 

Mini-circuits 

T1-6T 

3 

25 pin D-shell connector, J1 

Pan Pacific 

DRB-25SR 

1 

BNC, right angle, female, 

PC mount 

Pomona 

model 4788 

3 

Power inputs, banana jacks 

Pomona 


2 

Slide Switch, SW1 

Alco 

tssll 

1 

Resistors, metal film 1/4 watt 




R2 

5oa 


1 

R3,R4,R5,R6 

750Q 


4 

Added transformer input resistors 
(in series with C6, C7, C8, C9) 

R7, R8 (now wire jumperd) 

lOOOQ 


4 

Capacitors 




Cl 0, Tantalum 

I.O^iF 


1 

Cl, C2 ceramic 

0.1 jiF 


2 

C6,C7,C8,C9 

0.0047|jlF 


4 

C2 

10OpF 


1 

1C - ML6006 

Micro Linear 


1 



Micro Linear 
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PRELIMINARY 


ML6010 


Integrated Disk Read Channel Processor 


GENERAL DESCRIPTION 

The ML6010 integrated Disk Read Channel Processor, 
incorporates a pulse detector, two channel gated servo 
peak detectors, a data synchronizer, a partial frequency 
synthesizer, a (1,7) RLL encoder/decoder and write 
precompensation circuitry onto a single chip, providing a 
complete read channel solution for hard disk drive 
subsystems. The chip receives serial NRZ data from the 
disk controller, encodes the data into (1,7) RLL code with 
precompensation and writes to the disk. In the read mode 
it peak detects preamplified read pulses for both data and 
embedded servo information, resynchronizes the data, 
and decodes the (1,7) RLL data back to NRZ. The chip 
operates at data rates up to 36 Mbits/s with three levels of 
write precompensation, set with an external capacitor and 
a pulse detector with less than 1 ns of pulse pairing. The 
ML6010 supports constant density recording (CDR) 
applications with an onboard charge pump and VCO for 
the frequency synthesizer and requires an external phase 
detector and M & N dividers to realize a complete 
frequency synthesizer. It is set to interface directly to 
ML6005/6 family of BICMOS filter/equalizer chips with 
programmable cutoff frequency and pulse slimming 
(equalization) capability. 


FEATURES 

■ NRZ data rates up to 36 Mbits/s 

■ Single +5 volt power supply +/- 5% 

■ Operating power dissipation 700mW 

■ Industry standard pulse detector circuitry with less than 
1 ns pulse pairing 

■ Pattern—insensitive wide bandwidth ACC amplifier 

■ Two channel gated servo peak detectors for embedded 
servo recovery 

■ Industry standard fast acquisition PLL with zero phase 
start capability 

■ VCO/Charge pump has greater than 3:1 tuning range 

■ On-board frequency synthesizer charge pump and 
VCO for addressing ZBR applications 

■ Interface to industry standard channel filtering/ 
equalizer chips like ML6005/6 

■ Three level Write Data Precompensation support 

■ (1,7) RLL encoding/decoding support 

■ Available in a 52 pin QFP package 
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GENERAL DESCRIPTION (Continued) 

The ML60T0 IS fabricated in a BiCMOS process (4GHz 
npn ft; 1.5p CMOS) and operates off of a single 5 volt 
supply. The ML6010 is based on a senni-stanclard tile array 
(FC356G) with built in uncomi^itted gain stages for the 
flexibility of user defined channel pulse detector and/or 
passive differentiator or matched delay applications and a 


digital gate array for adding user specific functions, thus 
allowing for customizable options of this feature set, 
based on the user requirements. Some examples are the 
optional servo demod outputs—unbuffered A,B,C,D, or 
buffered A, B and A-B outputs; a 2,7 RLL Endec instead of 
the 1,7 RLL Endec or maybe implement the M & N 
dividers instead of the Endec, digital glue, etc. 


PIN CONNECTION 


5 o 
^ 3 


O 3 =) 
< O 0 



IN+ 

IN- 

HYS 

LEVEL 

Rold 

CRWD 

VCCFS 

CVC02 

CINT2 

VCOIN2 

TEST 

CWPE 

CWPN 


PIN DESCRIPTION 


PIN# NAME FUNCTION 


1 


2 


3 


4 


PEAKB A capacitor or a capacitor in series 
with a resistor, connected between 
this pin and GNDA functions as 
a servo sample and hold for 
channel B. 

GATEB TTL input (active low). When this 
pin is forced TTL low, servo peak 
detector B is enabled. 

PEAKA A capacitor or a capacitor in 

series with a resistor, connected 
between this pin and GNDA 
functions as a servo sample and 
hold for channel A. 

GATEA TTL input (active low). When this 
pin is forced TTL low, servo peak 
detector A is enabled. 


PIN# 

NAME 

FUNCTION 

5 

DISCHG 

TTL input (active high). When this 
pin is forced to a TTL high, both the 
servo peak detectors are discharged. 

6 

VCCDS 

Analog + 5 volt supply for data 
synchronizer related blocks. 

7 

CVC01 

Capacitor between this pin and 
VCCDS sets up the VCO center 
frequency for the data synchronizer. 

8 

CINTl 

Coarse input for data synchronizer 
loop filter time constant setting. 

9 

POUT1 

Data synchronizer's charge pump 
output, drives the loop filter input. 

10 

VCOIN1 

Data synchronizer's VCO control 
input, driven by the loop filter 
output. 
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PIN DESCRIPTION (Continued) 


PIN# NAME FUNCTION PIN# NAME FUNCTION 


11 

GNDPLL 

Analog ground for data 
synchronizer and frequency 
synthesizer. 

12 

PUP 

Charge pump input for the 
frequency synthesizer (pump up). 

13 

PDN 

Charge pump input for the 
frequency synthesizer (pump 
down). 

14 

DGND 

Digital ground. 

15 

NRZIN 

NRZ write data input from disk 
controller. This pin can be 
connected to the NRZOUT pin to 
form a single bi-directional NRZ 
port if desired. 

16 

WCLK 

Write clock input synchronous with 
the NRZ Write data input. 

17 

WD 

Write precompensated, active low 
(1,7) RLL encoded write data output 
to the read/write amplifier. 

18 

NRZOUT 

NRZ read data output to the disk 
controller. This pin can be 
connected to the NRZIN pin to 
form a single bi-directional NRZ 
port if desired. 

19 

RRC 

Read/Reference clock : a 
multiplexed clock source used by 
the disk controller. During mode 
change there will be no glitches on 
this line and no more than two lost 
clock pulses will occur. When Read 
Gate goes high, RRC synchronized 
to the NRZ read data will be 
available after 19 read data pulses. 

20 

VCCD 

Digital VCC -i-5 volts. 

21 

VCOCLKl 

An open emitter ECL output for 
testing purposes. 

22 

VCO/3 

Divide by three output of the 
frequency synthesizer VCO clock 
output. 

23 

DRD 

1/3 cell delayed read data for 
testing purposes. 

24 

RG 

Active high read gate input from the 
disk controller. This signal is used to 
select the PEL reference input. 

25 

WG 

Active high write gate input from 
the disk controller. This signal Is 
used to enable the write mode. 

26 

CWPL 

RC network to setup the late delay 


time constant for write 
precompensation. 


27 

CWPN 

RC network to setup the normal 
delay time constant for write 
precompensation. 

28 

CWPE 

RC network to setup the early delay 
time constant for write 
precompensation. 

29 

TEST 

Reserved for test purposes. Must be 
tied to DGND for normal operation. 

30 

VCOIN2 

Fine input for the frequency 
synthesizer loop filter time constant 
setting. 

31 

C1NT2 

Coarse input for frequency 
synthesizer loop filter time constant 
setting. 

32 

CVC02 

Capacitor between this pin and 
VCCA sets up the VCO center 
frequency for the frequency 
synthesizer PLL. 

33 

VCCFS 

Analog +5 volt supply for frequency 
synthesizer. 

34 

CRWD 

Capacitor between this pin and 

GNDA determines the write to read 
(input clamp) delay time, e.g. a 

1800 pF capacitor gives a delay 
time of 3 us typ. 

35 

HOLD 

TTL input pin (active low). When 
this pin is forced low, all the 
charging and discharging pathes on 
the CAGC pin are disabled. The 
AGC amplifier now acts as a fixed 
gain amp. with the gain determined 
by the voltage on the CAGC pin. 

36 

LEVEL 

Emitter follower output, provides 
rectified signal level, which can be 
used through a resistor divider 
network as a dynamic hysteresis 
control signal to the hysteresis pin. 

37 

HYS 

The voltage applied to this pin 
determines the threshold level of 
the qualification channel. In a 
typical application, the signal on 
this pin is derived from the LEVEL 
pin. 

38 

IN- 

AGC amplifier differential input, 

39 

IN+ 

AC coupled from the R/W amplifier. 
Signal range recommended 15 mV 
to 150 mVp-p differential. 

40 

GNDA 

Analog ground. 
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PIN DESCRIPTION (Continued) 


PIN# NAME FUNCTION PIN# NAME FUNCTION 


41 OUT- AGG amplifier differential outputs, 

42 OUT+ AC coupled to ML6005/ML6006 

filter chip. These pins have a 
current sink capability of 2 mA 
typical. 

43 AGGSET Voltage on this pin sets up the peak 

to peak differential voltage at the 
CH-I-/CH-pins when the AGC 
amplifiers are settled. 

Vp-p diff @CH+/CH- 

= 4 * (VAGCSET - VCCA/2) 


44 CAGC AGC loop capacitor to GNDA. 

Lead-Lag network may be used for 
different loop filter characteristics, if 
needed. 


45 

46 

47 


VCCA Analog -t-5 volt supply for pulse 
detector and servo peak detector. 

CH+ Gating channel differential inputs to 

CH- hysteresis comparator, AGC 

full wave rectifier and two-channel 
servo peak detector. These are AC 
coupled from the lowpass output 


48 DIF-h 

49 DIF- 


50 RD 


51 COS 


52 RDLY 


of the ML6005/ML6006 filter/ 
equalizer chip. Peak to Peak 
differential signal at these pins are 
determined by the DC voltage 
applied to the AGCSET pin. 

Time Channel zero crossing 
comparator differential inputs. 

These are AC coupled from the 
differentiated (bandpass) outputs of 
the ML600X filter/equalizer chip. 

Pulse detector raw read data output. 
This signal internally goes to the 1/3 
cell delay block enroute to the data 
synchronizer. This is an ECL output. 

The capacitor between this pin and 
the VCCA sets up the raw read data 
pulse width from the pulse detector 
section to the data synchronizer. 

Resistor between this pin and 
VCCDS sets the charging current in 
1/3 cell delay based on data rate 
range. 


ABSOLUTE MAXIMUM RATINGS OPERATING CONDITIONS 


DC Supply Voltage (VCCD).-0.3 to +7 V DC Supply Voltage (VCCD) ... 

TTL Output Voltage (Vout). .5.5 V DC Supply Voltage (VCCA).... 

TTL Input Voltage (Vin) .....5.5 V Operating Temperature Range 

Differential Input Voltage (Vdif) .3.0 or-3.0 V 

Analog Inputs......-0.3 to VCCA-f-0.3 V 

Storage Temperature (Tstg)....-65toH-150°C 

Maximum Junction Temperature (Tjmax) ...125°C 


ELECTRICAL CHARACTERISTICS 


PARAMETER 

CONDITIONS 

MIN 

TYP. 

MAX 

UNITS 

AGC Amplifier and I/P Z-Clamp 

AGC 3dB bandwidth (Note 1) 

VCAGC = 2V, 

VIN(Diff) = 15 mVp-p 


60 


MHz 

Maximum AGC gain 

VCAGC = 2V, 

VIN(Diff) = 15mVp-p 

100 

150 


V/V 

Minimum AGC gain 

VCAGC = 3.5V, 

VIN(Diff) = 150mVp-p 


5 

10 

v/y 

AGC Control Range 



27 


dB 

---;-^- 1 

AGC Control Sensitivity 



37 


dB/V 

Input Signal Range (Differential) 


15 


150 

mV 

Output Signal Swing (Differential) 

VCAGC = 2.0 V, 

VIN(Diff) = +A 100 m Vp-p 


1.5 

2.5 

Vp-p 


^S^Micro Linear 


.5 +/-5% VDC 
.5 +/- 5% VDC 
.........0 to 70°C 
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ELECTRICAL CHARACTERISTICS (Continued) 


PARAMETER 

CONDITIONS 

MIN 

TYP. 

MAX 

UNITS 

AGC Amplifier and I/P Z-Clamp (continued) 

Input Voltage Noise (Note 1) 

VIN = 0V 


1 

20 


nV/VHz 

Differential Input Resistance 

Read Mode Vin-f = 2.575V 

Vin- = 2.425 

4.5 

6.0 

7.5 ■ 

kohm 

Differential Input Resistance 

Write Mode Vin-i- = 2.575V 

Vin- = 2.425 

200 

300 

400 

ohm 

Common Mode Rejection Ratio (Note 1) 

Vin-r- = Vin- = 100 mV 

VCAGC = 2V 


45 


dB 

AGC offset (I/P referred ) 

VIN-h = VIN- = VCCA/2 

VCAGC = 2 V 

-4 


4 

mV 

Power supply Rejection Ratio 

VCCA = 5V+ 100 mVp-p 

VCAGC = 2V, 


45 


dB 

AGC output common mode bias 

VCCA = 5V, Vin+ = Vin- 


2.7 

3.0 

V 

AGC capacitor bias current 

VCAGC = 3.5 V 


1 

20 

pA 

AGC input offset voltage 

VCAGC=2 V, Vin+ = Vin- 


. 

400 

mV 

AGC output sink current 

VCCA = 5V 

1 

2 

3 

mA 

AGC output resistance 

Measured on OUT-I-/OUT- 


40 


ohms 

CAGC voltage range 


2.2 


3.4 

V 

Clamp Off time delay (Note 1) 

Crwd=1800 pF, VCAGC=2.0V, 

Vin (diff)=5 mV 

2 

2.5 

3.0 

ps 

Clamp Propagation Delay R W (Note 1) 

Crwd=1800 pF, VCAGC=2.0V, 

Vin (diff)=5 mV 


15 

100 

ns 

AGCVOS vs Gain 

VCAGC=VCC/2 to VCC/2 -i- 0.25V 

-400 


400 

mV 


AGC Rectifier and Comparator 


Input signal range (Note 1) 




2.0 

Vp-p 

Input Bias voltage 


40 

50 

60 

%VCCA 

Input resistance (differential) 

■ 

3.75 

5 

6.25 

Kohms 

CAGC Output voltage 

@CAGC, Vin > VAGCSET 

RCAGC = 100K 

VAGCSET = VCCA/2 -i- 10OmV 


VCCA- .8 


V 

CAGC charge resistance 

Vin > VAGCSET 

VAGCSET = VCCA/2 + 10OmV 


300 


ohms 

CAGC clamped voltage (CACCLMPV) 

Vin < VAGCSET 

VAGCSET = VCCA/2 -r 1 OOmV * 


2.2 


V 

AGCSET bias current 

VAGCSET = 2.5 V 


1.5 

10 

pA 

CAGC Decay current 

Read , VCAGC=VCCA 


4.7 


pA 

CAGC leak current 

Hold Mode 

VCAGC=CAGCLMPV -i- 0.4V 


0.03 

0.5 

pA 

Hold On & Hold Off time 

. 



1 

ps 
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ELECTRICAL CHARACTERISTICS (Continued) 


PARAMETER 

CONDITIONS 

MIN 

TYP. 

MAX 

UNITS 

Zero Crossing Comparator 

Differential input signal range (Note 1) 




1.5 

Vp-p 

Differential input bias current 

@VCCA/2 



20 

pA 

Diff comparator offset voltage 

HYS = OV 

-3.0 


4- 3.0 

mV 

Differentail input resistance 


4.5 

6.0 

7.5 

kohms 

Differential bias voltage 


40 

50 i 

60 

%VCCA 

Zero crossing comparator gain (Note 1) 

' 


. 65 


dB 


Hysteresis CGmpsrstor 


HYS input signal range (Note 1) 




1.5 

Vp-P 

Peak Hysterisis vs HYS voltage 

; 

0.44 

0.5 

0.56 

V 

HYS bias current 




20 i 

pA 

LEVEL pin max output current 


2 


' 

mA 

LEVEL pin output resistance 



130 


ohms 


Internal and Pulse Qualification One-shot 


Internal one-shot (tpw ) (Note 1) 



15 


ns 

Pulse Qualification one-shot (tpw } 

Cos = 47 pF 


35 


ns 

Pulse Detector raw data VOH 



VCCA-2Vbe 


V 

Pulse Detector raw data VOL 



VOH - 0.73 


V 

Pulse PairingVdiff=1 Vp-p diff @ 5 MHz 



0.5 

1.0 

ns 


Data Seperator PLL 


Phase Detector range 



+/- pi 


radians 

Charge pump gain 

V/I-VCOIN1 @DSVCC/2 


125 


pA 

Data Synch fVCO max 

CVCO1=10pF VCCDS 

RG = 1,WG = 0, 

VCINTI = VCCDS-1 

VVCOIN1 =VCCDS/2 

108 



MHz 

Data Synch VCO range 

CVCO1=10pF VCCDS 

RG = 1,WG = 0, 

VCINTI = IV to 4.2V 

3:1 

4:1 



Data Synch VCO Course Gain 

CVCO1=10pF VCCDS 

RG = 1,WG = 0, 

VCINTI =2V to 2.5V 

VVCOIN1 = VCCDS/2 


300 


Mrad/s /V 

Data Sync VCO fine Gain 

CVCO1=10pF VCCDS 

RG = 1,WG = 0, 

VCINTI = VCCDS/2 

VVCOIN1 =2Vto3V 

■ 

TBD 

, 


M rad/s /V 

PLL jitter specifications 



0.7 


ns 
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ELECTRICAL CHARACTERISTICS (Continued) 


PARAMETER 

CONDITIONS 

MIN 

TYP. 

MAX 

UNITS 

Data Seperator PLL (continued) 

Data sync window center offset 



1 %Tw +1-2 


ns 

Maximum data rate (1,7 RLL) 

CVCO1=10pF VCCDS 

RG = 1, WG = 0, 


28 

36 

Mbits/s 


Frequency Synthesizer PLL 


Charge pump gain 

V/1 - VCOIN2 @VCCFS/2 


125 


pA 

— 

Freq Synthesizer fVCO max 

CVCO2 = 10pF VCCFS 

RG = 0, WG = 1, 

VCINT2 = VCCFS-1 

VVCOIN2 = VCCFS/2 

108 



MHz 

Freq Synthesizer VCO range 

CVCO2 = 10pF VCCFS 

VCINT2 = lVto4.2V 

3:1 

4:1 



Freq Synthesizer fine VCO gain 

CVCO2=:10pF VCCFS 

VVCOIN2 = 2V to 3V 


TBD 


M rad/s /V 

Freq Synthesizer coarse VCO gain 

CVCO2 = r0pF VCCFS 

VCINT2 = 2Vto2.5V 

VVCOIN2 = VCCFS/2 


300 


M rad/s /V 


Servo Peak Detector 


Input signal range (differential) (Note 1) 




1.5 

Vp-p 

Servo demod voltage gain 



2 


v/v 

Offset mismatch between two chnis 

Vin = 1.5 Vp-p differential 

-20 


-f-20 

mV 

Output leakage current (ch disabled) 

GATE A/B=l, DISCHG=0 



10 

pA 

Servo demod discharge current 

R = 750 ohms 


650 


pA 


Miscellaneous 


Operating power dissipation 



750 

1000 

mW 

Write Precompensation time 

Cwpn=20pF, Cwpl=39pF 
fWCLK = 36 MHz 


2 


ns 

Write Precompensation time 

Cwpn=100pF, Cwpl=200pF 
fWCLK = 7.2 MHz 

, 

20 


ns 


TTL compatible inputs and outputs 


Input low voltage ( VIL ) 


-0.3 I 


0.8 

V 

Input high voltage ( VIH ) 


2.0 


VCC -h 0.3 

V 

Input low current ( ML ) 

VIL = 0.4V 



0.4 

mA 

Input high current (IIH ) 

VIH = 2.7V 



100 

pA 

Output low voltage ( VOL ) 

lOL = 1 mA 



0.4 

V 

Output high voltage ( VOH ) 

lOH = -400 pA 

2.4 

_i 


V 


Note 1 : These parameters are guaranteed by design. They are not 100% tested and are not in outgoing quality level calculation. 
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FUNCTIONAL DESCRIPTION 


The ML6010 provides the integration, of most of the 
functions associated with the implementation of disk read 
channel design up to 36 Mbits/s data rates. It incorporates 
a pulse detector, two gated servo peak detectors, a data 
seperator with fast acquisition capability, the charge pump 
and VCO functions for implementing a frequency 
synthesizer, write precompensation circuitry and a (1,7) 
RLL Endec. It is targeted at one/two platter 3 1/2" and high 
capacity 2 1/2" drives, where performance and capacity 
requirement take priority to power requirements, although 
the overall power requirements are much lower than 
earlier discrete block implementations. 

The Pulse Detector section includes a wide bandwidth 
differential amplifier with automatic gain control, a 
precision full wave rectifier, time channel and gate 
channel. User programmable equalization or pulse 
slimming, and CDR band selection is supported through 
an external filter chip (ML6006). The Pulse detector will 
support pulse pairing specifications less than +/- 1 ns. 

Two Gated Servo Peak Detectors are incorporated for 
recovery of embedded servo information. Optionally it 
can provide buffered (A,B and a position error signal— 
PES) low impedance outputs which represent the peak 
detected level of each servo burst. These voltages are 
suitable for digitizing by an A/D converter and processed 
by the controlling processor, for head positioning. 

The Data Synchronizer incorporates a fast acquisition 
phase lock loop with zero phase start capability and a 3:1 
tuning range. Precise decode window control is 


achievable using external components and the 1/3 cell 
delay automatically tunes to the synthesized frequency 
depending on the zone. The settling time is typically less 
than 2 ps which is well within the requirements, e.g. for 
36 Mbps data rate with 8 bytes of 3T preamble, and 
1,7RLL code the minimum settling time required equals : 

1/36 * 2 * 8 * 8 = 3.55 ps 

The partial Frequency Synthesizer generates all necessary 
clocks for data encoding and synchronizer reference. The 
synthesizer requires external logic for the input divider (N) 
and feedback divider (M) programming and also uses an 
external loop filter, giving the user full control over the 
pel's dynamics. 

The Endec employs the 2/3 (1,7) RLL code type and 
supports a hard sectored drive implementation. After the 
index/sector pulse has been detected, an internal counter 
counts negative transitions of the incoming read data 
looking for three consecutive "3T" pattern, Once detected 
the VCO lock process is established. The Write 
Precompensatipn circuitry, provides control of the normal, 
early and late settings. 

The ML6010 is fabricated in a BiCMOS process (4GHz 
npn ft; 1.5p CMOS) and operates off of a single 5 volt 
supply and Is based on the FC3560 semi-sitandard array. 
The tile array allows a number of configurable features to 
realize a ML6010 like read channel combo chip, with 
customized features and pinout. For more information on 
the configurable options contact the factory. 


ORDERING INFORMATION 



5-246 


Micro Linear 





October 1990 

^ Micro Linear _ ML 8464 B, ML 8464 C 

Pulse Detector 


GENERAL DESCRIPTION 

The ML8464 is a Pulse Detector designed for use in 
magnetic disk applications to detect the amplitude 
peaks on the output of the read/write amplifier. These 
signal peaks are caused by flux reversal on the disk 
media, which when connected to the read/write 
amplifier result in an output consisting of a series of 
pulses of alternating polarity. The relative time position 
of these signal peaks is indicated by the leading edge 
of the TTL output pulses. The Pulse Detector 
accurately represents the time position of these peaks. 

The ML8464 contains three major blocks. The amplifier 
block contains a wide bandwidth differential amplifier 
with Automatic Gain Control (AGC) and a precision full 
wave rectifier. The time channel block includes a 
programmable differentiator followed by a bidirectional 
one shot multivibrator. The gate channel block 
Includes a differential comparator with programmable 
hysteresis, a D flip-flop and an output bi-directional 
one shot multivibrator. The ML8464C internally 
connects the time channel output to the D flip-flop. 


FEATURES 

■ Wide differential Input signal range 20-660 mVp_p 

■ TTL compatible digital Inputs and Output 

■ Externally gain controlled input differential amplifier 

■ Variable hysteresis comparator with gating circuitry 

■ Differentiator with externally programmable time 
constants 

■ Standard 12V power requirement 

■ Available in 24-pin DIP package, or a 28-pin surface 
mount PCC 

■ Improved pulse pairing (+1 ns max.) 

■ Handles RLL (1, 7) or (2, 7) data to 24 MB/s 

ML8464B FEATURES 

■ Direct replacement for DP8464B 


BLOCK DIAGRAM 



READ/WRITE Vref DIGITAL ANALOG SET CHANNEL SET PULSE ENCODED 

GROUND GROUND HYSTERESIS ALIGNMENT WIDTH DATA OUT 


♦ ML8464C ONLY 
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PIN CONNECTIONS 


CD-h [ 

T 

24 

]CD- 

TIME CHANNEL INPUT + [ 

2 

23 

] TIME CHANNEL INPUT- 

SET HYSTERESIS [ 

3 ^ 

22 

] GATE CHANNEL INPUT 

Vrep [ 

4 

21 

] GATE CHANNEL INPUT 

NC [ 

5 

20 

] ANALOG GROUND 

AMP IN + [ 


19 

] AMP OUT- 

24-Pin DIP 


AMP IN - [ 

7 

18 

] AMP OUT-p 

NC [ 

8 

17 

] DIGITAL GROUND 

Vcc [ 

9 

16 

] Cagc 

SET PULSE WIDTH [ 

10 

15 

] CHANNEL ALIGNMENT OUT 

READ/WRITE [ 

11 

14 

] ENCODED DATA OUT 

TIME PULSE OUT [ 

12 

13 

] TIME PULSE IN* 


(TOPVIEVy) 

NC = No Connect 

* THIS PIN IS A NO CONNECT ON THE ML8464C 


TIME 



PIN DESCRIPTION 

NAME FUNCTION NAME FUNCTION 


Amp ln+, Amp In- Differential inputs to the Ampli¬ 
fier. The output of the read/write 
head amplifier should be capa- 
citively coupled to these pins. 

Amp Out+, Amp Out- Differential outputs of the 

Amplifier. These outputs should 
be capacitively coupled to the 
gating channel filter and to the 
time channel filter. 


Gate Channel Inputs 


Time Channel lnput+, 
Time Channel Input- 


CD+, CD- 


Set Hysteresis 


Vref 


Cagc 


Differential inputs to the ACC 
block and the gating channel. 
Must be capacitively coupled 
from the Amp Out. 

Differential inputs to the time 
channel differentiator. A filter Is 
required between these pins and 
Amp Out pins to band limit the 
noise and to correct for any 
phase distortion due to read 
circuitry. Also inputs must be 
capacitively coupled to prevent 
disturbing the DC input level. 
External differentiator network 
is connected between these 
two pins. 

DC voltage on this pin sets the 
amount of hysteresis on the 
differential comparator. 

ACC circuit adjusts the gain of 
the amplifier to make the differ¬ 
ential peak to peak voltage on 
the Gate Channel. Input is four 
times the DC voltage on this pin. 
External capacitor between this 
pin and Analog ground is 
connected for the ACC. 


Set Pulse Width External capacitor between this 
pin and Digital ground is 
connected to control the pulse 
width of the Encoded Data Out. 


Read/Write 


Channel Alignment 


Time Pulse In 
(ML8464B only) 


Time Pulse Out 


Encoded Data Out 


Vcc 

GND 

AGND 


TTL input. When low, the chip is 
in read mode and active. When 
High, the chip is forced into 
stand by mode. 

Buffered output of the differ¬ 
ential comparator with hysteresis. 
This output is TTL on the 
ML8464B, and is open emitter 
on ML8464C. The ML8464C is 
specified with a 2KO pull-down 
resistor to ground. 

This is the TTL input to the 
clock of the D flip-flop. Usually 
it is connected to the Time 
Pulse Out pin. 

ML8464B: This is the TTL output 
from the bidirectional one shot 
following the differentiator. 
Usually it is connected to the 
Time Pulse In pin. 

ML8464C: Open emitter-follower 
test point. 

TTL output. Leading edge of 
this pin indicates the time 
position of the peaks. 

12V power supply. 

Digital ground. Digital signals 
should be referenced to this pin. 
Analog ground. Analog signals 
should be referenced to this pin. 
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FUNCTIONAL DESCRIPTION 

The output from the read/write amplifier is AC coupled 
to the amp input of the ML8464. The amplifier's output 
voltage is fed back via an external filter to an internal 
fullwave rectifier and compared against the external 
voltage on the Vrep pin. The ACC circuit adjusts the 
gain of the amplifier to make the peak to peak 
differential voltage on the Gate Channel Input four 
times the DC voltage on the Vref. Typically the signal 
on the amp out will be set for 4Vp_p differential. Since 
the filter usually has a 6dB loss, the signal on the Gate 
Channel Input will be 2Vp_p differential. The user 
should therefore set 0.5V on Vref which can be done 
with a simple voltage divider from the +12V supply or 
other suitable reference. 

The peak detection is performed by feeding the output 
of the amplifier through an external filter to the 
differentiator. The differentiator output changes state 
when the input pulse changes direction, generally this 
will be at the peaks. However, if the signal exhibits 
shouldering, the differentiator will also respond to noise 
near the baseline. To avoid this problem, the signal is 
also fed to a gating channel which is used to define a 
level either side of the baseline. This gating channel is 


comprised of a differential comparator with hysteresis 
and a D flip-flop. The hysteresis for this comparator is 
externally set via the Set Hysteresis pin. In order to 
have data out, the Input amplitude must first cross the 
hysteresis level which will change the logic level on the 
D input of the flip-flop. The peak of the input signal 
will generate a pulse out of the differentiator and 
bidirectional one shot. This pulse will clock the new 
data at the D input through to the output. In this way, 
when the differentiator is responding to noise at the 
baseline, the output of the D flip-flop is not changing 
since the logic level into the D input has not been 
changed. The comparator circuitry is therefore a gating 
channel which prevents any noise near the baseline 
from contaminating the data. The amount of hysteresis 
Is twice the DC voltage on the Set Hysteresis pin. For 
instance. If the voltage on the Set Hysteresis pin is 0.3V, 
the differential AC signal across the gate channel input 
must be larger than 0.6V before the comparator will 
change states. In this case, the hysteresis is 30% of a 2V 
peak to peak differential signal at the gate channel 
input. 


ABSOLUTE MAXIMUM RATINGS 


Supply Voltage . 14V 

TTL Input Voltage . 5.5V 

TTL Output Voltage ... 5.5V 

Input Voltage . 5.5V 

Differential Input Voltage . +3V 

for 24-Pin Plastic DIP (Copper Lead Frame) _60®C/Watt 

0JA for 28-Pin PLCC (Copper Lead Frame) .60°C/Watt 

Storage Temperature Range . -65®C to +150®C 


Absolute maximum ratings are those values beyond which the 
device could be permanently damaged. Absolute maximum ratings 
are stress ratings only and functional device operation is not 
implied. 
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DC ELECTRICAL CHARACTERISTICS 

Over recommended operating conditions of Ta = 0 to 70°Q Vcc = 12.0V ± 10%, Vref = 0.5V, Set Hysteresis = 0.3V, 
Read/Write = 0.8V unless otherwise noted. (All pin numbers refer to DIP package.) 


SYMBOL 

PARAMETER 

MIN 

TYP 

MAX 

UNITS 

CONDITIONS 

AMPLIFIER 

Z|NAI 

^ ^ ^ j 

Amp In Impedance 

0.8 

1.0 

1.5 

kO 


Avmin 

Min Voltage Gain 



6.0 

v/v 

AC Output 4Vp_p Differential 

Avmax 

Max Voltage Gain 

180 



v/v 

AC Output 4Vp_p Differential 

VcAGC 

Voltage on Cagc 


4.5 

5.5 

V 

II 

O 



2.8 

3.4 


v: ^ i 

|Av = 180 


GATE CHANNEL 


ZinGCI 

Gate Channel Input Impedance 

1.75 

2.5 

3.25 

kQ 


ICAGC- 

Current that charges Cagg 

-1.5 

-2.5 

-3.5 

mA 

Pin 16 = 3.9V 

Pin 21 - Pin 22 = 1.3V 

ICAGC^ 

Current that discharges Cagc 


1 

5 

fjA 

Pin 16 = 5.0V 

Pin 21 - Pin 22 = 0.7V 

IVREF 

Vref Input Bias Current 


-0.01 

-100 

M 


Vthagc 

ACC Threshold 

0.88 

1.0 

1.12 

V 

Pin 16 = 4.2V See Note 1 

ISH 

Set Hysteresis Bias Current 


-60 

-100 

fjA 


Vthsh 

Set Hysteresis Threshold 

0.48 

0.6 

0.72 

V 

See Note 2 


TIME CHANNEL 


Zintc 

Time Channel Input Impedance 

3.5 

5 

63 

kO 


■cD 

Current into pins 1 & 24 that 
discharges Cd 

2.1 

2.7 

3.4 

mA 



WRITE MODE 


Z|NAI 

; ^ ^ 1 

Amplifier Input Impedance in 

Write Mode 

100 


500 

Q 

Pin 11 = 2V 

ICAGC 

Pin 16 Current in Write Mode 


1.0 

_1 

5.0 

' 


Pin 11 = 2V 

Pin 16 = 3.9V 

Pin 21 - Pin 22 = 1.3V 


DIGITAL PINS 


V,H 

High Level Input Voltage 

2.0 



V 

ML8464B: Pins 11, 13 

V,L 

Low Level Input Voltage 



0.8 

V 

ML8464C; Pin 11 

V, 

Input Clamp Voltage 



-1.5 

V 

Vcc = 10-8V, l| = -18mA 

IlH 

High Level Input Current 

. 


20 

fjA 

Vcc = '13.2V, V| = 2.7V 

l| 

Input Current at Maximum 

Input Voltage 



1 

mA 

Vcc = 13.2V, 

V| = 5.5 V 

l|L 

Low Level Input Current 



-200 

M 

Vcc = 13.2V, V, = 0.5V 

Vqh 

High Level Output Voltage 

2.4 



V 

Vcc = 10.8V, V,oH = -40M 

See notes 3, 7 

VqL 

Low Level Output Voltage 



0.5 

V 

Vcc 10.8V, Iql = 800/iA, see note 7 

lose 

Output Short Circuit Current 



-100 

mA 

Vcc = 13.2V, Vo = OV 

Icc 

Supply Current 


54 

75 

mA 

Vcc = 13.2V 
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DC ELECTRICAL CHARACTERISTICS (Continued) 

Over recommended operating conditions of = 0 to 70®C, Vcc = 12.0V ± 10%, Vref = 0.5V, Set Hysteresis = 0.3V, 
Read/Write = 0.8V unless otherwise noted. (All pin numbers refer to DIP package.) 


SYMBOL 

PARAMETER 

MIN 

TYP 

MAX 

UNITS 

CONDITIONS 

DIGITAL PINS (Continued) 

Vqhca 

Channel Alignment Pin Vqh 



1 

1 

(Note 3) 


ML8464B 

2.4 



V 

Iqh = ~40//A 


ML8464C 


7.6 


V 

lOkQ Load to GND 

Volga 

Channel Alignment Pin Vql 





(Note 3) 


ML8464B 



0.4 

V 

Iql “ 80QjUA 


ML8464C 


6.9 


V 

lOkQ Load to GND 

Vqhtp 

Time Pulse Out Pin Vqh 







ML8464B 

2.4 



V 

lOkO Load to GND 


ML8464C 


9.6 


V 

lOkQ Load to GND 

VoLTP 

Time Pulse Out Pin Vql 







ML8464B 



0.4 

V 

lOkO Load to GND 


ML8464C 


8.6 


V 

lOkQ Load to GND 


AC ELECTRICAL CHARACTERISTICS 

Over recommended operating temperature and supply range of Vcc = 10.8 to 13.2V, Ta = 0 to 70°C. 


SYMBOL 

PARAMETER 

MIN 

TYP 

MAX 

UNITS 

CONDITIONS 

ML8464-1 

tp_p 

Pulse Pairing 


±0.5 

±1.0 

ns 

f = 2.5MHz 

V|N = 40mVp_p differential 
See note 4 

ML8464-1.5 

tp_p 

Pulse Pairing^ 


±0.8 

±1.5 

ns 

ML8464-2 

tp_p 

Pulse Pairing 


±1.5 

±3.0 

ns 


Note 1: The ACC threshold Is defined as the voltage across the gate channel input when the voltage on C/^cc 's 4.2V. 

Note 2: The Set Hysteresis threshold is defined as the voltage across the gate channel input when the channel alignment output voltage 
changes state. 

Note 3: To prevent inductive coupling from the digital outputs to amplifier inputs, the TTL outputs should not drive more than one ALS TTL 
load. 

Note 4: The filter and differentiator network are described in the pulse pairing set-up. 

Note 5: All limits are guaranteed by 100% testing or alternate methods. 

Note 6: The 1.5 ns pulse pairing specification is available only on the ML8464C, not the ML8464B. 

Note 7: ML8464B: Pins 12, 14, 15 

ML8464C: Pins 14 and 15 only. 
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PULSE PAIRING SET UP 
PARTS LIST 


R1 .. 

. 2200 

G1 . 

. 82pF 

R4 . 

.. 680Q 

C2, C3, C6 .... 

....... O.OI/uF 

R2, R3 ... 

. 2400 

C4 . 

. lOOpF 

R5, R6 .. 

. 3.3kn 

G5 . 

. 15pF 

R7 . 

..lOOkO 

G7, G8 .. 

.... 0.0022//F 

LI . 

. 1.5A/H 

G9 . 

.:.. 47pF 

L2, L3 . 

. 4.7/iH 




* The connection between pins 12 and 13 is required ojily for the ML8464B. 


PULSE PAIRING MEASUREMENT 

The scope probe is connected to pin 14 (Encoded Data 
Out) and triggered off of its positive edge. The trigger 
holdoff is adjusted so that the scope first triggers off 
the pulse associated with the positive peak and then off 


the pulse associated with the negative peak. Pulse 
pairing is displayed on the second pair of pulses on the 
display. If the second pair of pulses are separated by 
6ns, then the pulse pairing for the part is ±3ns. 
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ML8464C 



CHANNEL VoH = 1.6V TYP 

ALIGN (TEST POINT) Vql = TOV 2K LOAD 


ML8464B 



CHANNEL 
ALIGN OUT TTL 


Linear 
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ML8464B, ML8464C __ 

DIFFERENCES BETWEEN ML8464C AND ML8464B 


THE EXTERNAL DELAY 

The ML8464B open circuits the digital signal at pins 12 
and 13. This allows for the insertion of an external 
delay filter. The ML8464C has no TTL buffers at these 
pins and closes the signal path internally bringing out a 
test point at pin 12. Hence, the ML8464 does not allow 
for the external delay. 

TEST POINTS 

The ML8464B has two TTL test points at pins 12 and 15. 
The ML8464C uses open emitter followers in an ECL 
configuration. Hence, the voltage levels are not similar 
at pins 12 and 15 on both devices. The typical voltage 
level at pins 12 are Vqh = 9.6V, Vql = 8.6V and at pin 
15 are Vqh = l-bV, Vql = TOV 


ACC GAIN CONTROL FACTOR 

The AGC reference level is a DC voltage externally set 
at Vrep (pin 4). Increasing this DC voltage will increase 
the gain of the gain controlled amplifier. 

ACC gain control factor = 

VouT PEAK = peak of the ACC amp 

Vrep 

2.5Vpp 

ACC gain control factor =- - 5 for ML8464B 

0.5Vdc 

2.0Vpp 

=-^ = 4 for ML8464C 

0.5Vdc 

Thus, at Vref = 0.5Vdo VquT ACC = 2.5V for ML8464B 
and 2.0V for ML8464C. This smaller signal amplitude 
should be taken into consideration at the hysteresis 
comparator. To set the desired amount of hysteresis, 
and external DC control voltage is used. The particular 
settings for Vref and control voltage at pin 3 that 
optimizes the ML8464B performance may not 
necessarily optimize the ML8464C performance. 


ORDERING INFORMATION 


PART NUMBER 

TEMP. RANGE 

PACKAGE 

PULSE PAIRING 

ML8464C-1CP 

0°C to +70°C 

MOLDED DIP (P24) 

±1 ns 

ML8464C-1CQ 

0°C to +70°C 

MOLDED PCC (Q28) 

+1 ns 

ML8464C-1.5CP 

0°C to +70°C 

MOLDED DIP (P24) 

+1.5 ns 

ML8464C-1.5CQ 

0°C to +70°C 

MOLDED PCC (Q28) 

±1.5 ns 

ML8464C-2CP 

0°C to +70°C 

MOLDED DIP (P24) 

±3 ns 

ML8464C-2CQ 

0°C to +70°C 

MOLDED PCC (Q28) 

±3 ns 

ML8464B-1CP 

0°C to +70°C 

MOLDED DIP (P24) 

±1 ns 

ML8464B-1CQ 

0°C to +70°C 

MOLDED PCC (Q28) 

±1 ns 

ML8464B-2CP 

0°C to +70°C 

MOLDED DIP (P24) 

+3 ns 

ML8464B-2CQ 

0°C to +70°C 

MOLDED PCC (Q28) 

±3 ns 
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Power Supply ICs 
Section 6 


Selection Guide 

ML1825 

ML4809 

ML4810 

ML4811 

ML4812 

ML4812EVAL 

ML4813 

ML4815 

ML4816 

ML4817 

ML4818 

ML4818EVAL 

ML4819 

ML4821 

ML4821EVAL 

ML4823 

ML4825 

ML4830 

ML4861 

ML4861 EVAL 

ML4862 

ML4862EVAL 


.6-1 

High Frequency Power Supply Controller.6-5 

High Frequency Current Mode PWM Controller.6-12 

High Frequency Current Mode PWM Controller.6-23 

High Frequency Current Mode PWM Controller.6-23 

Power Factor Controller Evaluation Kit.6-31 

Power Factor Controller.6-45 

Flyback Power Factor Controller.6-46 

Zero Voltage Switching Resonant Controller.6-58 

High Frequency Multi-Mode Resonant Controller.6-71 

High Frequency Single Ended PWM Controller.6-85 

Phase Modulation/Soft Switching Controller.6-93 

Phase Modulation Controller Evaluation Kit.6-104 

Power Factor and PWM Controller "Combo".6-105 

Power Factor Controller.6-119 

Average Current PFC Controller Evaluation Kit.6-127 

High Frequency Current Mode PWM Controller.6-128 

High Frequency Current Mode PWM Controller.6-135 

Electronic Ballast Controller.6-142 

Low Voltage Boost Regulator.6-146 

Low Voltage Boost Regulator Evaluation Kit.6-151 

Battery Power Controller 1C.6-152 

Battery Power Controller Evaluation Kit.6-162 
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Power Supplies 
Selection Guide 


SWITCH MODE POWER SUPPLY CONTROL 


Micro Linear offers high performance Switch Mode Power 
Supply 1C controllers for PWM, Phase Modulation, 
Resonant and Power Factor Correction as well as Power 
Controllers for Battery powered systems. These IC's are the 
highest frequency IC's available and include unique 
features for enhanced stability, easy synchronization and 
improved fault management. These controllers can be 
tailored to meet your unique design requirements using 
Micro Linear's array-based Semi-Standard capability. 

For Power Factor Correction, four IC's are available to 
meet the needs of a variety of different applications. Boost 
and Buck Boost dedicated PFC control IC's are available. 
Also, a new 1C, the ML4819, combines a boost PFC stage 
with a Current Mode PWM control section. This new 
"Combo" controller is the first 1C available which controls 
an entire PFC corrected power supply on a single chip. 

Also, a new Average Current Sensing Boost PFC controller, 
the ML4821, achieves the lowest harmonic distortion and 
highest power factor. 


Two new resonant controllers are now available, one for 
zero voltage switching and one multi-mode controller. 
Both IC's offer unique overload protection features, high 
current output drivers, and low cross conduction. The 
multi-mode controller supports both series resonant 
converters operating above resonance and ZCS 
topologies. 

The ML4818 Phase Modulation Controller combines the 
low-loss zero-voltage switching transitions of a resonant 
topology with the efficient energy transfer characteristics 
of square wave PWM. 

Our new ML4861 and ML4862 offer integrated system 
solutions for palmtop and notebook or laptop 
applications. High efficiency is achieved through 
synchronous rectification. 

These IC's are available in Commerical (0°C to 4-70°C), 
Industrial (-40°C to -i-85°C) and Military (-55°C to 
+125°C) temperature ranges in both DIP and Surface 
Mount packages. 


PULSE WIDTH MODULATION IC's 

■ 1 MHz Operation 

■ Voltage Mode or Current Mode Operation 

■ High Current (2A peak) High Speed Totem Pole 
Outputs 

■ Precision (+1%) 5.1V Reference 

■ Soft Start Latch Ensures Full Soft Start Cycle 

■ Semi-Standard Options Available 

■ Unique Features to Enhance 
Synchronization 
Stability 

Fault Protection 

POWER FACTOR CONTROLLERS 

■ ML4812 General Purpose Boost Mode (Peak Isense) 

■ ML4821 Average Current Sense Boost Mode 

■ ML4813 Flyback Converter for Low Power Systems 

■ ML4819 Boost PFC and PWM "Combo" 

BATTERY POWERED IC's 

■ ML4862 Laptop Power Controller 

■ ML4861 Palmtop Boost Regulator 


SOFT-SWITCHING AND 
RESONANT CONTROLLERS 

ML4815 Single Ended Zero Voltage Switching Controller 

■ Ideal for Low Input Voltage DC to DC 
Converter Modules 

■ Operation to 1.5MHz 

ML4816 Multi-Mode Push-Pull Resonant Controller 

■ Supports All Major Topologies: ZVS and ZCS 

■ Constant Off-Time or Constant On-Time Control 

ML4818 Phase Modulation/Soft Switching Controller 

■ Full Bridge Zero Voltage Switching Operation 

■ Power DIP Package 

ML4830 ELECTRONIC BALLAST 
CONTROLLER 

■ A complete solution for Electronic Ballasts 

■ Power Factor Controller 

■ PWM or Frequency Modulation 



Linear 
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BATTERY POWERED CONTROL IC's 

New in 1992 are two IG's for battery powered systems. 
The ML4862 is a complete control solution for multi-cell 
Laptop and Notebook computer systems. The ML4861 
Palmtop Boost is the most compact boost converter on the 
market/providing 5V (or 3.3V) output for input voltages 
from IV to 4.5V. Both use synchronous rectification for 
high efficiency. 



ML4862 

ML4861 

Application 

Notebook/Laptop 

Palmtop 

Input Voltage Range 

5.5 to 22V 

1 to 4.5V 

Output Voltages 

3.3, 5V, 12V, 

5V (Linear) 

5V or 3.3V or , 
Adjustable 

Output Current 

Determined by 

External Components 

80mA (1 Cell) 
350mA (3 Cell) 

Other Features 

Logic to MOSFET Drivers 

All N-Channel Design 

Only 2 External 
Components 


ELECTRONIC BALLAST CONTROL 

The ML4830 is the first commercially available 1C 
designed specifically for Electronic Ballasts. This 1C 
contains an average current sensing boost mode power 
factor controller, similar to the ML4821, as well as a 
ballast control section. Flexibility is built in to the 
ML4830, allowing it to operate with programmable 
starting scenarios and either PWM or Frequency 
modulated ballast outputs. 
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POWER FACTOR CONTROLLERS 

Micro Linear offers more choices for Power Factor 
Correction than any other company. All of Micro Linear's 
PFC systems will easily meet IEC-555 requirements for AC 
input current harmonic distortion. 

For the lowest harmonic distortion available over a wide 
range of input line and output load conditions, Micro 
Linear has introduced the ML4821 Average Current 
Sensing PFC controller. The ML4813 flyback controller 


offers the user a choice of output voltages and is easily 
isolated. The ML4819 PFC Combo 1C provides a complete 
control solution for power factor corrected supplies, 
providing both the PFC pre-regulation and PWM control 
outputs. The ML4821 uses the lossless peak current 
sensing method for the highest efficiency possible. 

All of Micro Linear's PFC control IC's provide Over- 
Voltage Protection and high current outputs for fast 
MOSFET drive. 


Power Factor Controller Comparison 


FEATURE 

ML4812 

ML4813 

ML4819 

ML4821 

Topology 

Continuous 

Boost 

Flyback 

Boost - 1 - PWM 
Combo 

Continuous 

Boost 

Efficiency 

Ftighest 

Moderate 

High 

High 

System Power Factor 

0.99 

0.99 

0.99 

0.99 

Usable Power Range 

Over SOW 

Under 250W 

Under 400W 

Over SOW 

Output Voltage 

Vqut > V|N 

Vqut 

Independent 
of V,N 

Vqut > V|n 

Vqut > V|N 

Over-Voltage Protection 

YES 

YES 

YES 

YES 

Peak Output Drive 

1A 

lA 

1A 

lA 

Control Method 

Peak 

Current 

Voltage 

Mode 

Peak 

Current 

Average 

Current 

Sync Input 




YES 

Output can be Isolated 

NO 

YES 

YES 

NO 


HIGH FREQUENCY 
PWM CONTROLLERS 

Micro Linear offers a complete family of 1 MHz PWM 
control IC's with superior performance over the Industry 
Standard PWM controllers. Our Family of PWM 
controllers feature: 

■ 1MHz Operation 

■ 2A Peak Fast Output Drive 

■ High Speed Cycle-by-Cycle Current Limit 

■ Soft Start with Complete Reset 

■ Under-Voltage Lockout with Low Current Start-up 

■ Current Mode or Voltage Mode Operation 


PWM Control 1C Comparison 


FEATURE 

ML4809 

ML4810 

ML4811 

ML4817 

ML4823 

ML4825 

Push-Pull 

YES 

YES 

YES 



YES 

Single-Ended 




YES 

YES 


Integrating Fault 
Detection 


YES 

YES 

YES 



Oscillator Sync Input 

YES 


YES 




Slope Compensation 

YES 






Precision 

Duty-Cycle Limit 




YES 



Soft-Start Delay i 

YES 

YES 

, YES 




Separate Errpr Amp 
Output Pin 

YES 
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Power Supplies 

RESONANT AND PHASE 


topologies and can run in either constant on-time mode 
(for Zero Current Switching) or constant off-time mode (for 
Zero Voltage Switching). The ML48T6 includes 
programmable frequency limits for both upper and lower 
frequencies, ensuring that the IC can be used in supplies 
that operate either above or below resonance. 

The ML4818 Phase Modulation Controller. Conibines the 
Zero Voltage Switching characteristics of a resonant 
supply with the efficient energy transfer and simplicity of 
PWM. 


Power Factor Controller Comparison 


FEATURE 

ML4815 

ML4816 

ML4818 

Zero Voltage Switching 

YES 

YES 

YES 

Zero Current Switching 


YES 


Control Type 

Constant 

Off-Time 

Constant On 
or Constant Off 

Phase 

Modulation 

Integrating Fault Detection 

YES 

YES 

YES 

Intended Application 

DC-DC 

Offline 
or DC-DC 

Offline 
or DC-DC 


MODULATION CONTROLLERS 

Adding to the family of Switch Mode Power Supply 
Controllers are three IC's for high frequency Zero Voltage 
or Zero Current Switching. Micro Linear offers both 
Resonant and Phase Modulation Controllers. 

We have introduced two new Resonant IC's. The ML4815 
is optimized for single-ended DC tq DC Zero Voltage 
Switching converters. The ML4816 multi-mode controller 
is designed for push-pull or half-bridge resonant 


SEMI-STANDARD, 

CUSTOMIZED CONTROLLERS 

Micro Linear's unique Tile Array based designs make it 
possible to modify any of our standard products to suit 
your unique application needs. Semi-Standard is a low 
risk path to modify the IC to change its functionality, 
package, temperature range, or parametric performance. 
Call your Micro Linear representative for more 
information. 



Power Supply Array Comparison 


ARRAY 

STANDARD 

PRODUCTS 

PERFORMANCE 

FB3480 

FI igh Frequency 
PWM 

ML4823/25 

ML4810/11 

ML4809, ML4817 

1 MHz Operation 

2 X 2A Output Drivers 
50ns Prop. Delay 

FB3490 

General Purpose 
SMPS 

ML4812, ML4813 
ML4819 

ML4821 

■SOOKHz Operation 

2 X 1A Output Drivers 

100ns Prop. Delay 

FB3491 Resonant 

ML4816 

2MHz Operation 

2 X 1.5A Output Drivers 
50ns Prop. Delay 

FB3492 Resonant 

ML4818 

2M.Hz Operation 

4 X 1.5A Output Drivers 
50ns Prop. Delay 

FB3680 , 

ML4830 

12V Bipolar 

3 ,x 200mA Drivers 

56ns Prop. Delay 

FC3580 

ML4861 

5V Operation 

1A MOS Power 
MicroPower BiCMOS 

FB3430 

ML4862 

36V Bipolar 

4 Outputs 
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ML1825 


High Frequenq^ Power Supply Controller 


GENERAL DESCRIPTION 

The ML1825 High Frequency PWM Controller is an IC 
controller optimized for use in Switch Mode Power 
Supply designs running at frequencies to 1MHz. 
Propagation delays are minimal through the 
comparators and logic for reliable high frequency 
operation while slew rate and bandwidth are 
maximized on the error amplifier. This controller Is 
designed to work in either voltage or current mode 
and provides for input voltage feed forward. 

A 1V threshold current limit comparator provides 
cycle-by-cycle current limit while exceeding a 1.4V 
threshold initiates a soft-start cycle. The soft start pin 
doubles as a maximum duty cycle clamp. All logic is 
fully latched to provide jitter-free operation and 
prohibit multiple pulsing. An under-voltage lockout 
circuit with 800mV of hysteresis assures low startup 
current and drives the outputs low. 


The ML1825 Is fabricated on a 40V bipolar process 
from the FB3480 Power Supply Controller Array. 
Customized versions of this controller are therefore 
easily implemented. Please refer to the FB3480 
datasheet for more information. 

This controller is a pin for pin replacement for the 
UC1825 controller. 

FEATURES 

■ Practical Operation at Switching Frequencies to 1.0MHz 

■ High Current (2A peak) Dual Totem Pole Outputs 

■ Wide Bandwidth Error Amplifier 

■ Fully Latched Logic with Double Pulse Suppression 

■ Pulse-by-Pulse Current Limiting 

■ Soft Start and Max. Duty Cycle Control 

■ Under Voltage Lockout with Hysteresis 

■ 5.1V, ±1% Trimmed Bandgap Reference 

■ Pin Compatible Replacement for UC1825 


BLOCK DIAGRAM 
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ML1825 

PIN CONNECTION 


ML1825 
16-Pin DIP 


INV [ 

1 

-/- 

16 

2 5.1V REF 

Nl [ 

2 

15 

]Vcc 

E/A OUT [ 

3 

14 

]OUT B 

CLOCK [ 

4 

13 

]vc 

R(D [ 

5 

12 

] PWR GND 

ml 

6 

11 

]OUT A 

RAMP [ 

7 

10 

^GND 

SOFT START [ 

8 

9 

] l(UM)/S.D. 


TOP VIEW 


PIN DESCRIPTION 

PIN# NAME _ FUNCTION _ 

1 INV Inverting input to error amp. 

2 Nl Non-inverting input to error amp. 

3 E/A OUT Output of error amplifier and 

input to main comparator. 

4 CLOCK Oscillator output. 

5 R(T) Timing Resistor for Oscillator — 

Sets charging current for oscillator 
timing capacitor (pin 6). 

6 C(T) Timing Capacitor fpr Oscillator. 

7 RAMP Non-Inverting input to main 

comparator. Connected to C(T) for 
Voltage Mode operation or to 
current sense resistor for current 
mode. 

8 SOFT START Normally connected to Soft Start 

Capacitor. 


PIN # 

NAME 

FUNCTiON 

9 

KLIMVS.D. 

Current limit sense pin. Normally 
connected to current sense 
resistor. 

10 

GND 

Analog Signal Ground. 

11 

OUT A 

High Current Totem pole output. 
This output is the first one 
energized after Power On Reset. 

12 

PWR GND 

Return for the High Current 
Totem pole outputs. 

13 

Vc 

Positive Supply for the High 
Current Totem pole outputs. 

14 

OUT B 

High Current Totem pole output. 

15 

Vcc 

Positive Supply for the 1C. 

16 

5.1V REF 

Buffered output for the 5.1V 
voltage reference. 
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ABSOLUTE MAXIMUM RATINGS 


Supply Voltage (Pins 15, 13) .. 30V 

Output Current, Source or Sink (Pins 11, 14) 

DC . 0.5A 

Pulse (O.SyUs) . 2.0A 

Analog Inputs 

(Pins 1, 2, 7) . -0.3V to 7V 

(Pins 9, 8) .. -0.3V to 6V 

Clock Output Current (Pin 4) . -5mA 

Error Amplifier Output Current (Pin 3) . 5mA 

Soft Start Sink Current (Pin 8) . 20mA 

Oscillator Charging Current (Pin 5) . -5mA 

Junction Temperature 

ML4825M . 150°C 

ML4825i, ML4825C . 125‘»C 

Storage Temperature Range . -65®C to +150®C 

Lead Temperature (Soldering 10 sec.) . +260°C 

Thermal Resistance (0 ja) 

Ceramic DIP . 65°C/W 


OPERATING CONDITIONS 

Temperature Range 

ML1825M ..... -55°C to +125°C 

Absolute maximum ratings are those values beyond which the 
device could be permanently damaged. Absolute maximum ratings 
are stress ratings only and functional device operation is not 
implied. 


ELECTRICAL CHARACTERISTICS 

Unless otherwise specified, Rj = 3.65KO, Cj = lOOOpF, Ta = Operating Temperature Range, Vcc = /ISV 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Oscillator 

Initial Accuracy 

Tj = 25°C, (note 1) 

360 

400 

440 

KHz 

Voltage Stability 

10V< Vcc < 30V, (note 1) i 


0.2 

2 

% 

Temperature Stability 

(note 1) 


5 


% 

Total Variation 

line, temp, (note 1) 

340 


460 

KHz 

Clock Out High 

i 

. 3.9 

4.5 


V 

Clock Out Low 



2.3 

2.9 

V 

Ramp Peak 

(note 1) 

2.6 

2.8 

3.0 

V 

Ramp Valley 

(note 1) 

0.7 

1.0 

1.25 

V 

Ramp Valley to Peak 

(note 1) 

1.6 

1.8 

2.0 

V 


Reference Section 


Output Voltage 

Tj = 25°C, Iq = 1mA 

5.05 

5.10 

5.15 

V 

Line Regulation 

10V < Vcc < 30V 


2 

20 

mV 

Load Regulation 

1mA < Iq < 10mA 


5 

20 

mV 

1 

Temperature Stability 

-55°C < Tj < 150°C, (note 1) * 


.2 

.4 

% 

Total Variation 

line, load, temp (note 1) 

5.0 


5.20 

V 

Output Noise Voltage 

10Hz to lOKHz 


50 


//V 

Long Term Stability 

Tj = 125°C, 1000 hrs, (note 1) i 


5 

25 

mV 

Short Circuit Current 

Vref = OV 

-15 

-50 

-100 

mA 


Error Amplifier Section 


Input Offset Voltage 




10 

mV 

Input Bias Current 



.6 

3 

M 

Input Offset Current 

-1 

-i 

.1 

1 

M 

Open Loop Gain 

1 < Vo < 4V 

60 

95 


dB 
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ML1825 


ELECTRICAL CHARACTERISTICS (Continued) 

Unless otherwise specified, Ry = 3.65KO, Cj = lOOOpF, = Operating Temperature Range, Vcc = 15V. 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Error Amplifier Section (Continued) 

CMRR 

1.5 < VcM < 5.5V 

75 

95 


dB 

PSRR 

10<Vcc<30V 

85 

110 


dB 

Output Sink Current 

Vp,N 3 = 1V 

1 

2.5 


mA 

Output Source Current 

Vp,N 3 = 4V 

-.5 

-1.3 


mA 

Output High Voltage 

I PIN 3 “ —0.5mA 

4.0 

4.7 

5.0 

V 

Output Low Voltage 

■pin 3 = 1mA 

0 

0.5 

1.0 

V 

Unity Gain Bandwidth 

(note 1) 

3 

5.5 


MHz 

Slew Rate 

(note 1) 

6 

12 


V///S 


PWM Comparator Section 


Pin 7 Bias Current 

VpiN 7 OV 


-1 

-5 

M 

Duty Cycle Range 


0 


80 

% 

Pin 3 Zero DC Threshold 

VpiN 7 = OV 

1.1 

1.25 


V 

Delay to Output 

(note 1) 


50 

80 

ns 


Soft-Start Section 


Charge Current 

Vp,N8 = 0.5V 

3 

9 

20 


Discharge Current 

VpiN 8 = IV 

1 



m A 


Current Limit/Shutdown Section 


Pin 9 Bias Current 

OV < VpiN 9 < 4V 



+15 


Current Limit Threshold 


.9 

1 

1.1 

V 

Shutdown Threshold 


1.25 

1.4 

1.55 

, V 

Delay to Output 

(note 1) 


50 

80 

ns 


Output Section 


Output Low Level 

Iqut ~ 20mA 


.25 

.4 

V 

Iqjjj = 200mA 


1.2 

2.2 

V 

Output High Level 

Iqut ~ -20mA 

13.0 

13.5 


V 

Iqlit ~ -200mA 

12.0 

13.0 


V 

Collector Leakage 

Vc = 30V 


100 

500 


Rise/Fall Time 

Cl = lOOOpF, (note 1) 


30 

60 

ns 


Under-Vohage Lockout Section 


Start Threshold 


8.8 

9.2 

9.6 

V 

UVLO Hysteresis 


.4 

.8 

1.2 

V 


Supply Current 


Start Up Current 

Vcc = 8V 


1.1 


mA 

Icc 

VpiN 1, 7, 9 = OV, VpiN 2 = IV, 


22 

33 

mA 


Note 1: This parameter not 100% tested in production but guaranteed by design. 
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FUNCTIONAL DESCRIPTION 

OSCILIATOR 

The ML1825 oscillator charges the external capacitor 
(Cj) with a current (Iset) equal to 3/Rset- When the 
capacitor voltage reaches the upper threshold (Ramp 
Peak), the comparator changes state and the capacitor 
discharges to the lower threshold (Ramp Valley) through 
Q1. While the capacitor is discharging, Q2 provides a 
high pulse. 

The Oscillator period can be described by the 
following relationship: 

Tosc == Tramp T[)eadtime 
where: Tramp = C (Ramp Valley to Peak)/lsET 
and: Tdeadtime = C (Ramp Valley to Peak)/lQi 



Figure 3. Oscillator Deadtime vs Frequency 



Figure 1. Oscillator Block Diagram 



0.47 1.0 2.2 4.7 10.0 22 47 100 

Ct (nF) 


Figure 4. Oscillator Deadtime vs C(T) (3KQ < R(T) < 100KQ) 
ERROR AMPLIFIER 

The ML1825 error amplifier is a 5.5MHz bandwidth 
12V//ys slew rate op-amp with provision for limiting the 
positive output voltage swing (Output Inhibit line) for 
ease in implementing the soft start function. 



100 IK 10K 100K 1M 


FREQ (Hz) 












ViN 

1 

j_ 










T 

\1 

Vc 

»UT 



1 

4_ 

\ 



— 

t 





L 

□ 


— 


0 0.2 0.4 0.6 0.8 1.0 

TIME (/MS) 


Figure 2. Oscillator Timing Resistance vs Frequency 


Figure 5. Unity Gain Slew Rate 
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100 IK lOK 100K 1M 10M lOOM 


FREQ (Hz) 

Figure 6. Open Loop Frequency Response 
OUTPUT DRIVER STAGE 

The ML1825 Output Driver is a 2A peak output high 
speed totem pole circuit designed to quickly switch the 
gates of capacitive loads, such as power MOSFET 
transistors. 



Figure 7. Simplified Schematic 



0 0.5 1.0 1.5 

loUT (A) 

Figure 8. Saturation Curves 



p 40 80 120 160 200 

TIME (ns) 


Figure 9. Rise/Fall Time (Cl = lOOOpF) 



V 








r 


7 


7 


_4 
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□ 
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Figure 10. Rise/Fall Time (Cl = 10,000pF) 



TEMPERATURE (“Q 


Figure IT. Supply Current vs Temperature 

SOFT START AND CURRENT LIMIT 

The ML1825 employs two current limits. When the 
voltage at pin 9 exceeds 1V, the outputs are 
immediately shut off and the cycle is terminated for the 
remainder of the oscillator period by resetting the RS 
flip flop. 

If the output current is rising quickly such that the 
voltage on pin 9 reaches 1.4V before the outputs have 
turned off, a soft start cycle is initiated and the soft start 
capacitor (pin 8) is discharged. The duty cycle on start 
up is limited by limiting the output voltage of the error 
amplifier voltage to the voltage at pin 8. 
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ORDERtNG INFORMATION 


PART NUMBER 

TEMPERATURE 

RANGE 

PACKAGE 

ML1825MJ 

-55°C to +125°C 

Hermetic DIP (J16) 
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ML4809 


High Frequency PWM Controller 


GENERAL DESCRIPTION 

The ML4809 High Frequency PWM Controller is a full- 
featured 1C controller optimized for use in Switch 
Mode Power Supply designs running at frequencies to 
1MHz. Propagation delays are minimized while slew 
rate and bandwidth are maximized for reliable high 
frequency operation. This controller is designed to 
work in either voltage or current mode and provides 
for input voltage feed forward. 

A 1.1V threshold current limit comparator provides 
cycle-by-cycle current limit while exceeding a 1.5V 
threshold initiates a soft-start cycle. The soft start pin 
doubles as a maximum duty cycle clamp. All logic Is 
fully latched to provide jitter-free operation and 
prohibit multiple pulsing. An under-voltage lockout 
circuit with 7V of hysteresis assures low startup current 
and drives the outputs low. 

The ML4809 is fabricated on a 40V bipolar process 
from the FB3480 Power Supply Controller Array. 
Customized versions of this controller are easily 
implemented. This controller Is similar to the UC1825 
controller, however the ML4809 includes many features 
not found on the 1825. These features are set in Italics. 


FEATURES 

■ Practical Operation at Switching Frequencies to 1.0MHz 

■ High Current (2A peak) Dual Totem Pole Outputs 

■ Wide Bandwidth Error Amplifier 

■ Fully Latched Logic with Double Pulse Suppression 

■ Pulse-by-Pulse Current Limiting 

■ Soft Start and Max. Duty Cycle Control 

■ 5.1V, ±1% Trimmed Bandgap Reference 

■ Under Voltage Lockout: 16V Start with 7V Hysteresis 

■ Programmable Ramp Compensation Circuit 

m VCO Input for Synchronization or Frequency Control 
m External Clock Input for Synchronization 

■ Toggle Preset for Synchronization 

m Comparator Blanker for Better Noise I mm unity/Stability 

■ Separate Error Amplifier Output Pin for Loop Filtering 
Versatility 

m Fast Shut Down Path from Current Limit to Outputs 
m Outputs Preset to Known Condition After Under 
Voltage Lockout 

m Soft Start Latch Ensures Full Soft Start Cycle 
m Programmable Soft Start Delay 


BLOCK DIAGRAM 

nnV(vcQ) 



tramp X 


J • 

CMP IN 


j—^ 1 

PRESET TOGGLE 

EA OUT 


INI—_tN. 



lINV 

AM^ T 1 

J 

1 SOFT START 


J 

5.1V 


4^ r^v^i.iv —< 

1 RESET DELAY 

1 


CLOCK OUT 
RC (BLANK) 
CLOCK IN 


I-1 

< OUTAr 

^ PWR GND 

1 

Q-FFr 

^ PWR Vc 

1 

OUT Bi 

1 POWER GNDf 


1 

-1 enable 

s^Vref 

S.IVVrefi 


UNDER^ 

VOLTAGE 

LOCKOUT 


SIGNAL GND 
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PIN CONNECTIONS 

ML4809 ML4809 

24-Pin DIP 28-Pm PCC 


INV [ 

1 


24 

] PRESET TOGGLE 

Nl [ 

2 


23 

] RAMP COMP 

E/A OUT [ 

3 


22 

] 5.1V REF 

CMP IN [ 

4 


21 

] Vcc 

V(VCO) [ 

5 


20 

] OUT B 

CLOCK IN [ 

6 


19 

] POWER Vc 

CLOCK OUT [ 

7 


18 

] PWR GND 

R(T1 [ 

8 


17 

] OUT A 

CCD [ 

9 


16 

] SIGNAL GND 

RAMP [ 

10 


15 

] l(LIM)/S.D. 

SOFT START [ 

11 


14 

] RC (BLANK) 

RESET DELAY [ 

12 


13 

]Q-FF 


TOP VIEW 


PRESET TOGGLE 
iNV |ramp comp 




5.1V REF 


CLOCK IN [1 


{A 3 

5 

2 1 28 

27 

26 

25 

] Vcc 

6 



24 

]OUT B 

7 



23 

] POWER Vc 

8 



22 

] POWER GND 

9 



21 

]0UT A 

10 



20 

]nc 

11 



19 

] SIGNAL GND 

12 13 

14 15 16 

17 

18 


A SOFT A o-FF 
T START I ^ I S.D 

RAMP RESET RC 

DELAY (BLANK) 


PIN DESCRIPTION 


PIN # 

NAME 

FUNCTION 

1 

INV 

Inverting input to error amp. 

2 

Nl 

Non-Inverting input to error amp. 

3 

E/A OUT 

Output of error amplifier. 

4 

CMP IN 

Main Comparator Input. 

5 

V(VCO) 

A control voltage input which sets 
the VCO frequency. May be tied 
to 5.1V REF (22) for fixed 
frequency operation. 

6 

CLOCK IN 

A "1" level blanks the outputs and 
prepares the chip for the next 
cycle by toggling the T flip flop. 

7 

CLOCK OUT 

Oscillator output. This is an 
emitter follower output. 

8 

R(T) 

Timing Resistor for Oscillator — 
sets charging current for oscillator 
timing capacitor (pin 9). 

9 

C(T) 

Timing Capacitor for Oscillator. 

10 

RAMP 

Non-Inverting input to main 
comparator. Connected to C(T) for 
Voltage Mode operation or to 
current sense resistor for current 
mode. 

11 

SOFT START 

Normally connected to Soft Start 
Capacitor. 

12 

RESET DELAY 

Connect to capacitor for time 


delay before new soft-start cycle 
begins after 1.4V current limit is 
reached. 


PIN # 

NAME 

FUNCTION 

13 

Q-FF 

An Emitter Follower output which 
is High for B active. 

14 

RC (BLANK) 

Connect resistor and capacitor to 
ground for blanker function. 

15 

l(LIM)/S.D. 

Current limit sense pin. Normally 
connected to sense resistor. 

16 

GND 

Analog Signal Ground. 

17 

OUT A 

High Current Totem pole output. 
This output is the first one 
energized after Power On Reset. 

18 

PWR GND 

Return for the High Current 

Totem pole outputs. 

19 

POWER Vc 

Positive Supply for the High 
Current Totem pole outputs. 

20 

OUT B 

High Current Totem pole output. 

21 

Vcc 

Positive Supply for the 1C. 

22 

5.1V REF 

Buffered output for the 5.1V 
voltage reference. 

23 

RAMP COMP 

Connect resistor to GND for ramp 
compensation. 

24 

PRESET 

TOGGLE 

Presets the toggle flip-flop. Tie to 
GND to disable. 
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ABSOLUTE MAXIMUM RATINGS 


Supply Voltage (Pins 2 % 19) . . . . : . 36V 

Output Current, Source or Sink (Pins 17, 20) 

DC . 0.5A 

Pulse (0.5/is) . 2.0A 

Input Voltage 

(Pins 1, 2, 4, 5, 10) .. -0.3V to TV 

(Pins 8, 9, 11, 12, 15, 24) .... -0.3V to 6V 

Logic Output Current (Pins 13) . .. -5mA 

Blanker Charge Current (Pin 14) ...... -5mA 

Error Amplifier Output Current (Pin 3) ....... 5mA 

Soft Start Sink Current (Pin 11) .. 20mA 

Oscillator Charging Current (Pin 8) .-5mA 

Junction Temperature 

ML4809M . 150°C 

ML4809I, ML4809C .. WC 

Storage Temperature Range .. -65®C to+150®C 

Lead Temperature (Soldering 10 sec.) .. +260°C 


Thermal Resistance (^ja) 

Plastic DIP ... ... 50°C/W 

Ceramic DIP .. 55°C/W 

Plastic Chip Carrier (PCC) . 55°C/W 

OPERATING CONDITIONS 

Temperature Range 

ML4809M ... -55°C to +125°C 

ML4809I ...... -40°C to +85'»C 

ML4809C ......... 0°C to +70°C 


Absolute maximum ratings are those values beyond which the 
device could be permanently damaged. Absolute maximum ratings 
are stress ratings only and functional device operation is not 
implied. 


ELECTRICAL CHARACTERISTICS 

Unless otherwise specified, Rj = 6.2KO, Cj = lOOOpF, V(VCO) = Vref, Rl (Pins 7, 13) = 5KQ, 
Ta = Operating Temperature Range, Vcc = 'JSV (note 3) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Oscillator 

Initial Accuracy 

Tj = 25°C, (note 1) 

390 

430 

470 

KHz 

Voltage Stability 

10V < Vcc < 30V, (note 1) 


0.2 

4 

% 

Temperature Stability 

(note 1) 



5' 

% 

Total Variation 

line, temp, (note 1) 

370 

430 

490 

KHz 

Clock Out High 


3.9 

4.5 


V 

Clock Out Low 


■ 

2.3 

23 

V 

Ramp Peak 

(note 1) 

2.6 

2 8 

3.0 

V 

Ramp Valley 

(note 1) 

0.7 

1.0 

1.25 

V 

Ramp Valley to Peak 

(note 1) 

1.6 

1.8 

2.0 

V 

V(VCO) Control Range 

■ 

1 


5.5 

V 


Reference Section 


Output Voltage 

ML4809C 

Tj = 25°C, Iq = 1mA 

5.00 

5.10 

5.20 

V 

ML4809M, ML4809I 

K ■■ 

5.05 

530 

535 

V 

Line Regulation 

10V < Vcc < 30V 


' 2, 

20 

mV 

Load Regulation 

1mA < lo < 10mA 



20 

mV 

Temperature Stability 

-55°C < Tj < 150°C, (note 1) 


'.2''^ 

.4 

% 

Total Variation 

ML4809C 

line, load, temp, (note 1) 

4.95 


5.25 

V 

ML4809M, ML4809I 


5.0 


5.20 

V 

Output Noise Voltage 

lOHztolOKHz 


50 ^ 


/wV 

Long Term Stability 

Tj f=125®C, 1000 hrs, (note 1) 


5 

25 

mV 

Short Circuit Current 

Vref = OV, Ta > 0°C 

-15 

-50 

-100 

mA 

Ta<0°C 

-15 

-50 

-120 

mA 


Under-Voltage Lockout Section 


Start Threshold 



16 

17 

V 

UVLO Hysteresis 


6.5 

.. 7 

7.5 

V 
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ELECTRICAL CHARACTERISTICS (Continued) 

Unless otherwise specified, Rj = 6.2KQ, Cj = lOOOpF, V(VCO) = Vref, Rl (Pins 1, 13) = 5KO, 
Ta = Operating Temperature Range, Vcc = 15V (note 3) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Error Amplifier Section 

Input Offset Voltage 

Ta = 25<>C 



±15 

mV 




±20 

mV 

Input Bias Current 



.6 

3 

M 

Input Offset Current 



.1 

1 

M 

Open Loop Gain 

1 < Vo < 4V 

60 

96 


dB 

CMRR 

1.5 < VcM < 5.5V, Ta > O'^C 

75 

95 


dB 

1.5 < VcM < 5.5V, Ta < 0«C 

65 

95 


dB 

PSRR 

10 < Vcc < 30V, Ta > O'^C 

80 

110 


dB 

10 < Vcc < 30V, Ta < O'^C 

70 

110 


dB 

Output Sink Current 

VpiN 3 = IV 

1 

2.5 


mA 

Output Source Current 

II 

z 

Q. 

> 

-.5 

-1.3 


mA 

Output High Voltage 

IpiN 3 “ 1mA 

3.5 

4.3 

5.0 

V 

Output Low Voltage 

IpiN 3 = 1mA 

0 

0.5 

1.0 

V 

Unity Gain Bandwidth 

(note 1) 

3 

5.5 


MHz 

Slew Rate 

(note 1) 

6 

12 


Mins 

PWM Comparator Section 

Pin 10 Bias Current 

VpiN 10 “ OV, VpiN 23 - open, 

VpiN 9 = 2V 


-1 

-10 


Duty Cycle Range 

Ta > 0®C 1 

0 


75 

% 

Ta < 0®C 

0 


70 

% 

Pin 4 Zero DC Threshold 

VpiN 7 = OV 

1.1 

1.25 


V 

Delay to Output 

(note 1) 


50 

80 

ns 

Ramp Compensation 

Pin 10 Current 

VpiN 9 “ 2V RpiN 23 “ 6.8KO 

270 

300 

330 

fjA 

Soft-Start/Reset Delay Section 

Charge Current (Pin 11) 

Vp,N 11 = 0.5V 

-3 

-9 

-20 


Discharge Current (Pin 11) 

VpiN 11 “ IV 

' ^ 



mA 

Discharge Current (Pin 12) 

VpiN 12 “ IV 

3 

9 

20 


Charge Current (Pin 12) 

VpiN 12 “ 0.5V 

-•4 



mA 


Current Limit/Shutdown Section 


Pin 15 Bias Current 

OV < VpiN 15 < 4V 



±20 

fjA 

Current Limit Threshold 


1.0 

1.1 

1.2 

V 

Shutdown Threshold 


1.35 

1.50 

1.65 

V 

Delay to Output 

(note 1) 


40 

_70_ 1 

ns 

Blanker Section 

Tblank 

(note 1), RC = 5.1 KQ, 68pF 

80 

100 

120 

ns 
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ELECTRICAL CHARACTERISTICS (Continued) 

Unless otherwise specified, Rj = 6.2KQ, Cj = lOOOpF, V(VCO) = Vref, Rl (Pins 7, 13) - 5KO, 
Ta = Operating Temperature Range, Vcc = 15V (note 3) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Output Section 

Output Low Level 

Iqut “ 20mA 


.25 

.4 

V 

Iqut " 200mA 


1.2 

2.2 

v 

Output High Level 

Iqut “ -20mA 

13.0 

13.5 


V 

Iqut ~ -200mA 

12.0 

13.0 


V 

Collector Leakage 

Vc = 30V 


100 

500 

M 

Rise/Fall Time 

Ce = lOOOpF, (note 1) 


30 

60 

ns 


Logic Inputs/Outputs 


Pin 24 Threshold 

(note 2) 


Vref - -98 


v 

Pin 13 VoH 

(note 2) 


Vref - .65 


V 

Pin 13 VoL 

(note 2) 


Vref - 1.3 


v 


Supply Current 


Start Up Current (note 2) 

Vcc = 8V, Ta = 25%: 


1.1 

3.0 

mA 

Vcc = 8V, Ta < 25%: 



3.5. ■ 

mA 

Icc 

VpiN 1, 10, 15 = OV, VpiN 2 = IV 

Ta = 25°C 


29 

38 

mA 


Note 1: This parameter not 100% tested in production but guaranteed by design. 

Note 2: The thresholds on the logic input pins are set by a reference generator that is: Vth = Vref - (1.5 * VgE). The logic outputs swing from: 
^OH ^REF “ ^BE to Vql = Vref - 2 * VgE- VgE is nominally .65V and varies yvith temperature. Logic inputs and outputs will track each 
other with temperature variation. 

Note 3: Since the Under Voltage Lockout start-up threshold is 16V, the supply is first raised to 20V to activate the IC and then lowered to 15V 
to conduct the electrical testing. 

Note 4: Reference short circuit current, Supply current and Start-up ICC decrease with increasing temperature. 


FUNCTIONAL DESCRIPTION 

OSCILLATOR 

The ML4809 Voltage Controlled Oscillator charges the 
external capacitor (Cj) with a current (Icharge) equal 
to V(VCO)/Rj. When the capacitor voltage reaches the 
upper threshold (Ramp Peak), the comparator changes 
state and the capacitor discharges to the lower 
threshold (Ramp Valley) through Q1. While the 
capacitor is discharging, Q2 provides a high pulse. For 
Fixed Frequency Operation, V(VCO) can be tied to 
Vref- 

The Oscillator period can be described by the 
following relationship: 

Tosc = Tramp + Tdeadtime 
where: Tramp = C (Ramp Valley to Peak)/lcHARGE 
and: Tdeadtime = C (Ramp Valley to Peak)/lDis 

An approximate expression for the oscillator 
frequency In fixed frequency operation (where V(VCO) 
= Vref) is: 

2.48 



RAMP PEAK 



RAMP VALLEY 


Figure 1. Oscillator Block Diagram 
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Figure 2. Timing Resistance vs Frequency (V(VCO) = 5.1V) 



Figure 4. Oscillator Deadtime vs Frequency (V(VCO) = 5.1V) 
ERROR AMPLIFIER 

The ML4809 error amplifier is a 3.5MHz bandwidth 
6V///S slew rate op-amp with provision for limiting the 



FREQ (Hz) 


Figure 3. Oscillator Frequency vs V(VCO) 
(RC = 6.2KO, lOOOpF) 



J2 I _^^^_L__I _^_I 

.47 to 2.2 4.7 10.0 22 47 100 


CT(nF) 

Figure 5. Oscillator Deadtime vs C(T) (3KQ < R(T) < lOOKQ) 


positive output voltage swing (Output Inhibit line) for 
ease in implementing the soft start function. 
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Figure 6. Unity Gain Slew Rate 


Figure 7. Open Loop Frequency Response 


Micro Linear 


6-17 









ML4809 


OUTPUT DRIVER STAGE 

The ML4809 Output Driver is a 2A peak output high 
speed totem pole circuit designed to drive capacitive 
loads, such as power MOSFET trahsistors. 



0 0.5 1.0 1.5 

•out (A) 


Figure 8. Saturation Curves 



Figure 9. Simplified Schematic 

SOR START, CURRENT LIMIT, AND RESET DELAY 

The ML4809 employs two current limits. When the 
voltage at pin 15 (l(UM)/S.D.) exceeds 1.1V, the outputs 
immediately pull low and the cycle is terminated for 
the remainder of the oscillator period by resetting the 
RS flip flop. 

If the output current is rising quickly (usually due to 
transformer saturation) such that the voltage on pin 15 
reaches 1.5V before the outputs have turned off, a soft 
start cycle is initiated. The soft start capacitor (pin 11) is 
discharged and outputs are held "off" until the voltage 
at pin 11 reaches 1.1V, ensuring a complete soft start 
cycle. The duty cycle on start up is limited by limiting 
the output voltage of the error amplifier voltage to the 
voltage at pin 11. 


_y 

\ 







\ 

^ ■■ 


T 


T 


_ i 

1 




□ 






0 40 80 120 160 200 

TIME (ns) 


Figure 10a. Rise/Fall Time (Cl = lOOOpF) 



0 100 200 300 400 500 

TIME (ns) 


Figure 10b. Rise/Fall Time (Cl = lOOOOpF) 



Figure 11. Supply Current vs. Temperature 


The ML4809 also includes a delay circuit which inhibits 
the outputs from coming on until a time determined 
by the RESET DELAY capacitor on pin 12. This capacitor 
is normally charged to a voltage equal to Vpi^ ^ - .7V 
and is limited to Vrep. After the 1.5V limit is reached, 
the capacitor is allowed to slowly discharge through the 
9fjA current sink. When this capacitor and the Soft Start 
Capacitor both have discharged to liy the outputs are 
enabled and the new soft start cycle begins. During 
Under Voltage Lockout, both capacitors will be 
discharged to prepare for a new cycle. 

Since the emitter follower which drives pin 12 presents 
a load on Pin 11, the Soft Start Capacitor's effective 
value will be Increased by: 

CpFFECT = CpiN 11 + (CpiN 12 /^) 


Micro Linear 








ML4809 


where fi varies from 50 to 250. Should this cause 
unacceptable variation on the soft start capacitor value, 
this effect can be mitigated by connecting a resistor 
from Vref to pin 11 to charge the Soft Start Cap (select 
a resistor which keeps the charge current below 2mA). 



Figure 12. Normal (Cycle by Cycle) and "Runaway" 
Current Timing 



Figure 13. Current Limit, Soft Start and Reset Delay 
UNDERVOLTAGE LOCKOUT 

In the circuit in Figure 14, the ML4809 remains in a low 
quiescent drain (1.1mA) during T1 while Cl charges 
through R(S) to 16V. After Vcc rises to 16V the ML4809 
begins running. Cl provides the energy needed to run 
the gate drive and ML4809 until the auxiliary winding 
can provide sustaining energy for the control circuit, 
preventing Cl from draining below the 9V lockout 
threshold. The 7V of hysteresis In the Undervoltage 
Lockout circuit allows the ML4809 to start from a bleed 
resistor/capacitor easily. While the ML4809 is in the 
standby (Lockout) condition, OUTA and OUTB will be 
pulled low. 


RAMP COMPENSATION 

In order to allow stable operation of a current mode 
regulator above 50% duty cycle, some of the oscillator 
ramp needs to be added to the current signal. 

Notice that the waveform of (1) and the waveform of 
ramp (2) have different average current values. (1) is an 
example of a waveform for high line and (2) an 
example of low line. Since the controllers all regulate 
based on the peak value of the current in the circuit, 
and the control variable really wants to be the average 
current, adding some of the oscillator ramp to 
comparator Input (shown here for clarity as a 
subtraction of the comparator reference input, which is 
the output of the error amplifier) allows the peak 
current control to more closely approximate the 
average current. 




Figure 14. Typical Off-Line Start-Up Circuit and Timing 
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In the actual implementation, an external resistor (pin 
23) sets a current which will be equal to Vramp/R 1 and 
will appear ofi the comparator input pin. Since the 
sense resistor is a low impedance point, putting 
another resistor (itl) in series with the Vsense pin (10) 
causes a voltage to add to the ramp voltage which is 
equal to Vramp (i^2/R1). 



Figure 15. The Effect of Ramp Compensation 




Figure 17. Unintended Early Cycle Termination 


The first two problems usually cause a fairly short spike 
which is easy to filter out with just a simple RC before 
the comparator input without causing unacceptable 
phase delay at the input, since there is not much area 
underneath the spike. The third problem can have 
significant energy, and a filter with a low enough pole 
to reduce the "spike" to a level low enough not to 
cause early cycle termination would cause excessive 
phase shift. 

The solution is to provide a blanking pulse to the 
comparator at the beginning of the cycle. The width of 
this pulse is programmed by an external RC. When 
CLOCK IN is high, a buffer in the ML4809 charges the 
capacitor on pin 14 to 4V. When CLOCK goes low, the 
capacitor discharges through the external resistor. The 
outputs are held low until the voltage at pin 14 falls 
below 3.2V. The buffer driving pin 14 is limited to 5mA 
output current. The Blanking period can be calculated 
by the expression: 

^ I^blankCblank 


SYNCHRONIZATION INPUTS AND OUTPUTS 

When using the Clock (pin 7) or Q (pin 13) outputs, a 
5KQ pull down resistor is recommended. These outputs 
are open emitters. Clock has an internal (375//A) current 
sink load while Q Is unloaded. Both will exhibit 
significant timing skew due to PC board capacitance if 
not loaded. 


Figure 16. Ramp Compensation and Blanker Block Diagram 
MAIN COMPARATOR BLANKER 

When CMP IN (EA OUT) is at a low level, spikes which 
occur on RAMP (which is connected to a current sense 
resistor or transformer) when the power MOSFETs first 
turn on can cause the cycle to terminate early. The 
result of early termination can cause instabilities. Three 
problems occur which all contribute to this spike. 

1. Inductance In the sense resistor. 

2. Inter-winding capacitance in the transformer. 

3. Reverse recovery current In the rectifier in the 
opposite FET intrinsic diode (or from the Secondary 
diodes). 


Clock Output and External Clock Input 

Used to synchronize multiple supplies. For 
synchronized operation of multiple ML4809's, tie the 
CLOCK OUT from the "master" to the CLOCK IN of 
the slaves. 

Toggle Preset and Q Output 

In multiple supply systems, this is Important for 
synchronization. To synchronize multiple chips, connect 
the Q output from the "master" ML4809 to the Preset 
Input of the "slave" in a "daisy chain". For non- 
synchronized operation this input would be connected 
to GND. 
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OTHER FEATURES 

Fast Shut Down Path from Current Limit to Outputs 

Provides a 30ns path to the outputs which begins to 
turn off the outputs while the longer latching path is 
propogating. In a normal UC1825, it can be as much as 
80ns until the over-current condition shuts down the 
outputs. 

Separate Error Amplifier Output Pin for Loop Filtering 
Versatility 

This is especially useful for: 

1. Diagnostic purposes, to see what the chip is really 
doing, it is useful to break the feedback loop. 

2. High power supplies — current sharing: In system 
design with more than one supply running, in order 
to ensure that the supplies share current equally it is 
often necessary to have a "master" circuit control 
the PWM operation of each of the "slaves". This is 
most easily accomplished by an "or" (where the 
lowest output dominates) of the Error Amp outputs, 
which is impossible if the output of the amp is 
internally connected to the input of the comparator. 


1000 



1001-J-—J-^-1 

10 100 1000 

CbLANK (pF) 


Figure 18. Tbunk vs. Cblank (^biank = 5.1 KO) 
APPLICATIONS 

Figure 19 shows the ML4809 in a push-pull non-isolated 
application. Note the Schottky Diodes on pins 17 and 
20. These diodes are necessary in order to prevent 
transients from driving these pins negative with respect 
to GND which would cause the IC to malfunction. 

Care should be exercised in layout: 

1. Avoid Ground Loops. Use "star" grounding. 

2. Bypass the Vcc line with a high frequency capacitor 
which is physically close to the IC. 

3. Avoid running signal lines near power lines. 

4. Employ "ground planing". 


V|N 
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ORDERING INFORMATION 


PART NUMBER 

TEMPERATURE 

RANGE 

PACKAGE 

ML4809CP j 

0°C to +70°C 

Melded DIP (P24N) 

ML4809CQ ! 

0°C to +70°C 

Molded PCC (Q28) 

ML4809IP 

-40°C to +85°C 

Molded DIP (P24N) 

ML4809IQ 

-40°C to +85°C 

Molded PCC (Q28) 

ML4809MJ 

-55®C to +125°C 

Hermetic DIP (J24N) 
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High Frequenq^ Power Supply Controller 


GENERAL DESCRIPTION 

The ML4810 and ML4811 High Frequency PWM 
Controllers are optimized for use in Switch Mode 
Power Supply designs running at frequencies to 1MHz. 
The ML4810/11 contain a unique overload protection 
circuit which helps to limit stress on the output 
devices and reliably performs a soft-start reset. 
Propagation delays are minimal through the 
comparators and logic for reliable high frequency 
operation and slew rate and bandwidth are maximized 
on the error amplifier. These controllers are designed 
to work in either voltage or current mode and provide 
for input voltage feed forward. 

A 1.1V threshold current limit comparator provides a 
cycle-by-cycle current limit. An integrating circuit 
"counts" the number of times the 1.1V limit was 
reached. A soft-start cycle is initiated if the cycle-by¬ 
cycle current limit is repeatedly activated. A reset delay 
function is provided on the ML4811. All logic is fully 
latched to provide jitter-free operation and prevent 
multiple pulsing. An under-voltage lockout circuit with 
7V of hysteresis assures low startup current and drives 
the outputs low during fault condition. 


The ML4810/11 are fabricated on a 40V bipolar process 
from the FB3480 Power Supply Controller Array. 
Customized versions of this controller can therefore be 
easily implemented. Please refer to the FB3480 
datasheet for more Information. These controllers are 
similar to the UC1825 controller, however these 
controllers include many features not found on the 
1825. These features are set in Italics. 

FEATURES 

■ Integrating Soft Start Reset 

m High Current (2A peak) Dual Totem Pole Outputs 

■ Practical Operation to 1MHz (fosc) 

■ 5.1V, +1% Trimmed Bandgap Reference 

■ Under Voltage Lockout with 7V Hysteresis 

■ Soft Start Reset Delay (ML4811) 

■ Oscillator Synchronization Function (ML4811) 

■ Soft Start latch ensures full soft start cycle 
m Outputs pull low for undervoltage lockout 

m Accurately controlled Oscillator ramp discharge 
current 

m All timing currents "slaved" to R(T) for precise control 


ML4811 BLOCK DIAGRAM 
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PIN CONNECTIONS 

ML4810 ML4811 

16-Pin DIP 20-Pin DIP 


ML48T1 
20-Pin PCC 


INV[ 

1 

16 

3 5.1V REF 

Nl [ 

2 

15 

3 Vcc 

E/A OUT [ 

3 

14 

3 OUTB 

RC(RESET) [ 

4 

13 

3 POWER Vc 

RO) [ 

5' '■ 

12 

3 PWR GND 

C(T) [ 

6 

11 

3 OUTA 

RAMP [ 

7 

10 

3 GND 

SOFT START [ 

8 

9 

] l(LIM)/S.D. 


TOP VIEW 


INV [ 

1 


] RESET DELAY 

Nl [ 

2 

19 

] 5.1V REF 

E/AOUT [ 

3 

18 

] Vcc 

RC(RESET) [ 

4 

17 

] OUTB 

CLOCK [ 

5 

16 

] POWER Vc 

R(T) [ 

6 

15 

] PWR GND 

C(D [ 

7 

14 

] OUTA 

RAMP [ 

8 

13 

]gnd 

SOFT START [ 

9 

12 

3 I(LIM)/S.D. 

SYNC [ 

10 

11 

]ovp 


TOP VIEW 


Nl RESET DELAY 
E/a out| inv I 5.1V ref 


RC(RESET) 


/ 3 2 1 20 

4 

19 

18 

5' 


17 

6 


16 

7 


15 

8 

9 10 11 12 

14 

13 


SOFT START | OVP | GND 
SYNC l(LIM)/S.D. 

TOP VIEW 


PIN DESCRIPTION (Pin numbers shown for ML4811) 


PIN NO. 

NAME 

FUNCTION 

1.. : 

INV 

Inverting input to error amp 

2 

Nl 

Non-inverting input to error 
amp 

3 

E/A Out 

Output of error amplifier and 
input to main comparator 

4 

RC(RESET) 

Timing elements for 

Integrating Soft Start reset 

5 

CLOCK 

Oscillator output. 

6 

R(T) 

Timing Resistor for Oscillator— 
sets charging current for 
oscillator timing capacitor 
(Pin 6) 

7 

C(T) 

Timing Capacitor for Oscillator 

8 

RAMP 

Non-Inverting input to main 
comparator. Connected to 

C(T) for Voltage Mode 
operation or to current sense 
resistor for current mode 

9 

SOFT START 

Normally connected to Soft 
Start Capacitor 

10 

SYNC 

A high going pulse terminates 
the PWM cycle and discharges 
C(T) 


PIN NO. 

NAME 

FUNCTION 

V 

OVP 

Exceeding 2,5V terminates the 
PWM cycle and Inhibits the 
outputs 

12 

l(LIM)/S.D. 

Current limit sense pin. 
Normally connected to 
current sense resistor 

13 

GND 

Analog Signal Ground 

14 

OUTA 

High Current Totem pole 
output. This output is the first 
one energized after Power On 
Reset 

15 

PWR GND 

Return for the High Current 
Totem pole outputs 

16 

Vc 

Positive Supply for the High 
Current Totem pole outputs 

17 

OUTB 

High Current Totem pole 
output 

18 

Vcc 

Positive Supply for the 1C 

19 

5.1V REF 

Buffered output for the 5.1V 
voltage reference 

20 

RESET DELAY 

Timing Capacitor to determine 
the amount of delay between 
fault 
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ABSOLUTE MAXIMUM RATINGS 


Supply Voltage (Pins 18, 16) . 25V 

Output Current, Source or Sink (Pins 14, 17) 

DC . 0.5A 

Pulse (O.SAfS) . 2.0A 

Analog Inputs 

(Pins 1, 2, 8) . -0.3V to TV 

(Pins 9, 10, 11, 12, 20) . -0.3V to 6V 

Clock Output Current (Pin 5) -5mA 

Error Amplifier Output Current (Pin 3). 5mA 

Junction Temperature 

ML4811M . 150°C 

ML4811I, ML4810C, ML4811C, ML4810I . 125°C 

Storage Temperature Range .. -65°C to +150°C 


Lead Temperature (Soldering 10 sec.) . +260°C 

Thermal Resistance (^ja) 

Plastic DIP . 65°C/W 

Ceramic DIP . 65°C/W 

Plastic SOIC . 65°C/W 


OPERATING CONDITIONS 

Temperature Range 

ML4811M . -55°C to +125°C 

ML4811I .. -40°C to +85°C 

ML4810C, ML4811C . 0°C to +70°C 


Absolute maximum ratings are those values beyond which the device could be permanently damaged. Absolute maximum ratings are stress 
ratings only and functional device operation is not implied. Pin numbers given for ML4811. 


ELECTRICAL CHARACTERISTICS 

Unless otherwise specified, Rj - 3.65KQ, Cj = lOOOpF, Ta = Operating Temperature Range, Vcc = 15V. 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Oscillator 

Initial Accuracy 

Tj = 25°C (note 1) 

360 

400 

440 

KHz 

Voltage Stability 

10V < Vcc < 25V, (note 1) 


0.2 

4 

% 

Temperature Stability 

(note 1) j 



5 

% 

Total Variation 

line, temp, (note 1) 

340 


460 

KHz 

Clock Out High 

■ 

3.9 

4.5 


V 

Clock Out Low 



2.3 

2.9 

V 

Ramp Peak 



2,8 

' 


V 

Ramp Valley 



1.0 


V 

Ramp Valley to Peak 


1.6 


2.3 

V 

Sync Input Threshold 


0.8 

1.0 

1.4 

V 

Sync Input Current 

VpiN 10 = 4V 




M 


Reference Section 


Output Voltage 

ML4810/11C 

Tj = 25°C, Iq = 1mA 

5.00 

5.10 

5.2 

V 

ML4811M, ML4810/11I 


5.05 

5.10 

5.15 

V 

Line Regulation 

10V < Vcc < 25V 


2 

20 

mV 

Load Regulation 

1mA < Iq < 10mA 


,5 

20 

mV 

Temperature Stability 

-55°C < Tj < 150®C, (note 1) 


.2 

.4 

% 

Total Variation 

ML4810/11C 

line, load, temp, (note 1) 

4.95 


5.25 

V 

ML4811M, ML4810/11I 


5.0 


5.20 

V 

Output Noise Voltage 

10Hz to lOKHz 


50 


A/V 

Long Term Stability 

Tj = 125^, 1000 Hrs (note 1) 


5 

25 

mV 

Short Circuit Current 

Vref = OV 

-15 

-50 

-100 

mA 


Under-Voltage Lockout Section 


Start Threshold 


15 

16 

17 

V 

UVLO Hysteresis 


6.5 

7 

7.5 

V 
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ELECTRICAL CHARACTERISTICS (Continued) 

Unless otherwise specified, Rj = 3.65KO, Cj = lOOOpF, Ta = Operating Temperature Range, Vcc = 15V 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Supply Current 

Start Up Current 

ML4810 

Vcc = 8V, Ta > 0‘’C 


2.0 

3.5 

mA 



Vcc = 8V, Ta < 0°C 


2.5 

4.0 

mA 


ML4811 

Vcc = 8V, Ta > 0°C 


2.5 

4.0 

mA 



Vcc = 8V, Ta < 0°C 


3 

4.5 

mA 

Icc 

ML4810 

VpiN 1 ,;; 9 = oy Vp,N 2 = 1V, T^ = 25°c 


32 ' 

46 

mA 


ML4811 

• VpiN 1 ;9 oy Vp,N 2 = 1V, Ta = 25^ 


38 

55 , 

mA 


Error Amplifier Section 


Input Offset Voltage 




±20 

mV 

Input Bias Current 



.6 

3 

7/A " 

Input Offset Current 



.1 

1 

M 

Open Loop Gain 

1 < Vo < 4V 

60 

96 


dB 

CMRR 

1.5 < VcM< 5.5V 

65 ■■ 

95 


, dB 

PSRR 

10 < Vcc < 30V 

75 

90 


dB 

Output Sink Current 

VpiN3 = 1V 

1 

2.5 


mA 

Output Source Current 

VpiN 3 = 4V 

-.5 

-1.3 


mA 

Output High Voltage 

IpiN 3 ~ —0.5mA 

4.0 

4.7 

5.0 

V 

Output Low Voltage 

lpiN3-1mA 

0 

0.5 

TO 

V 

Unity Gain Bandwidth 

(note 1) 

3 

5.5 . , I 


MHz 

Slew Rate 

(note 1) 

6 

12 


WytiS , 


PWM Comparator Section 


Pin 8 Bias Current 

VpiN 8 - OV 


-1 

-5 ■ 1 

A'A 

Duty Cycle Range 


0 


75 

. % 

Pin 3 Zero DC Threshold 


;'/.1.1 

1.25 


V, 

Delay to Output 

(note 1) 


50 

80 

ns 


Soft-Start Section 


Charge Current (Pin 9) ML4811 

VpiN 9 ~ IV, VpiN 4 12 “ 0 

-35 

-55 

-75 


Discharge Current (Pin 9) 

Vp,N 9 = 3V, Vp,N 4 > 2.5 

1 

5 


mA ; 

Vp,N 9 = 3V, Vp,N 12 > T65, Vp,N 4 < 2 

■1 .c 

■ '.'5 


mA 

Charge Current (Pin 20) 

VpiN 20 = IV 

1 

5 


mA 

Discharge Current (Pin 20) 

Requires external discharge resistor 


0 


M 


Current Limit/Shutdown Section 


Pin 12 Bias Current 

ML4810/11C 

0V<Vp,Ni2<4V 



, +15 

/iA 

ML4811M, ML4811I 

0V<Vp,Ni2<4V 



+10 

M 

Current Limit Threshold 

ML4810 



1.3 

1.4 

V 

ML4811 


.95 

1.1 

1.3 

V.. 

Reset Threshold (Pin 12) 

ML4810 

Vp,N4<2V 

1.60 

T75 

1.90 

V 

ML4811 

Vp,N4<2V 

1.4 

1.50 

1,8 

V / 

Delay to Output 

(note 1) 


40 

70 , 

ns 

Pin 4 Charging Current 

VpiN 12 = 2V 

120 

150 

180 


Restart Threshold (Pin 4) 


2 

2.45 

.■ 3;, . 

V 

OVP Shutdown Threshold (Pin 11) 


2.4 

2.7 

2.8 

V 

OVP Input Current 

VpiNii = 3V 

40 

50 

60 

M 

Charge Current (Pin 8) 

ML4810 

VpiN 8 == IV, VpiM 4, 9 == 0 

-40 

-50 

-60 

M 
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ELECTRICAL CHARACTERISTICS (Continued) 

Unless otherwise specified, Rj = 3.65KO, Cj = lOOOpF, Ta = Operating Temperature Range, Vcc = '15V 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Output Section 

Output Low Level 

Iqut “ 20mA 


.25 

.4 

V 

Iquj = 200mA 


1.2 

2.2 

V 

Output High Level 

Iqut " -20mA 

12.5 

13.5 


V 

Iqut “ -200mA 

12.0 

13.0 


V 

Collector Leakage 

Vc = 30V 


100 

500 

M 

Rise/Fall Time 

Cl = lOOOpF, (note 1) 


30 

80 

ns 


Note 1: This parameter not 100% tested in production but guaranteed by design. 


FUNCTIONAL DESCRIPTION 

SOFT START AND CURRENT UMIT - INTEGRATING 
SOFT START RESET 

The ML4810/11 offers a unique system of fault detection 
and reset. Most PWM controllers use a two threshold 
method which relies on the buildup of current in the 
output inductor during a fault. This buildup occurs 
because: 

1. Inductor di/dt is a small number when the switch is 
off under load fault (short circuit) conditions, since 
Vl is small. 

2. Some energy is delivered to the inductor since the 
IC must first detect the over-current because there is 
a finite delay before the output switch can turn off. 



-SWITCH CURRENT 

-DIODE CURRENT 


Figure T. Current Waveforms for Slow Turn-Off System 
with Load Fault 

This scheme was adequate for controllers with longer 
comparator propagation delays and turn-off delays than 
is desirable in a high frequency system. For systems 
with low propagation delays, very little energy will be 
delivered to the inductor and the current "ratcheting" 
described above will not occur. This results in the 
controller never detecting the load fault and continuing 
to pump full current to the load indefinitely, causing 
heating in the output rectifiers and inductor. 


n 

I j-^TpD —►! 1 

TpD — 

-^TpD 

VtH1| 





A method of circumventing this problem involves 
"counting" the number of times the controller 
terminates the PWM cycle due to the cycle by cycle 
current limit. 

When the switch current crosses the 1.1V threshold A1 
signals the FI to terminate the cycle and sets F3, which 
is reset at the beginning of the PWM cycle. The output 
of F3 turns on a current source to charge C2. When, 
after several cycles, C2 has charged to 2.45V, A5 turns 
on F2 to discharge soft start capacitor Cl. Charge is 
continually bled from C2 by R1. If a current surge is 
short lived (for instance a disk drive start-up or a board 
being plugged into a live rack) the control can "ride 

FROM osc. 


v+ 



Figure 3. Integrating Soft Start Reset 


-SWITCH CURRENT 

-DIODE CURRENT 

Figure 2. Current Waveforms for High Speed System with 
Load Fault 
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ML4810, ML4811 


out" the surge with the switch protected by the cycle 
by cycle limit. R1 and C1 can be selected to track 
diode heating, or to ride out various system surge 
requirements as required. 

If the high current demanded is caused by a short 
circuit, the duty cycle will be short and the output 
diodes will carry the current for the majority of the 
PWM cycle. C2 charges fastest for low duty cycles 
(since F3 will be on for a longer time) providing for 
quicker shutdown during short-circuit when the output 
diodes are being maximally stressed. 

OSCILIATOR 

The ML4811 oscillator charges the external capacitor 
(Cj) with a current (Iset) equal to S/Rj. When the 
capacitor voltage reaches the upper threshold (Ramp 



Figure 4. Switching Current and Pin 4 Voltage — Normal 





Figure 5. Switching Current and Pin 4 Voltage — Load Fault 


Peak), the comparator changes state and the capacitor 
discharges to the lower threshold (Ramp Valley) through 
Q1. While the capacitor is discharging, Q2 provides a 
high pulse. A discharge of the Oscillator can be initiated 
by applying a high level to the Sync pin. A short pulse 
of a frequency higher than the oscillator's free running 
frequency can be used to synchronize the ML4811 to 
an external clock. The pulse can be equal to the 
desired deadtime (Tp) or the deadtime can be 
determined by Iqis and Cj, whichever is greater. 

The Oscillator period can be described by the 
following relationship: 

Tosc = Tramp + Tdeadtime 

where: Tramp = C (Ramp Valley to Poak)/lsET 

and: Tdeadtime = C (Ramp Valley to Peak)/lQ;i 



CLOCK 


to —►! 

RAMP PEAK 

RAMP VALLEY 

Figure 6. Simplified Oscillator Block Diagram and Timing 





100 IK 10K look 1M 

FREQ (Hz) 

Figure 7. Oscillator Timing Resistance vs. Frequency 
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ERROR AMPLIFIER 

The ML4811 error amplifier is a 5.5MHz bandwidth 
MWf/jsec slew rate op-amp with provision for limiting 
the positive output voltage swing (Output Inhibit line) 
for ease in implementing the soft start function. 

160 
140 

I 120 

Q 
H 

100 
80 

10K 100K 1M 

FREQ (Hz) 



Figure 8. Oscillator Deadtime vs Frequency 



0.47 1.0 2.2 4.7 10.0 22 47 100 

Ct (nF) 


Figure 9. Oscillator Deadtime vs C(T) (3 < R(T) < 100KO) 
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Figure 10. Unity Gain Slew Rate 


OUTPUT DRIVER STAGE 

The ML4811 Output Driver is a 2A peak output high 
speed totem pole circuit designed to quickly switch the 
gates of capacitive loads, such as power MOSFET 
transistors. 



100 IK 10K 100K 1M 10M 100M 


FREQ (Hz) 


Figure 11. Open Loop Frequency Response 



Figure 12. Simplified Schematic 



0 0.5 1.0 1.5 


loUT (A) 

Figure 13. Saturation Curves 
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TIME (ns) 


Figure 14. Rise/Fall Time (Cl = lOOOpF) 
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Figure 16. Suppy Current vs. Temperature 
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Figure 15. Rise/Fail Time (Cl = lO^OOOpF) 


ORDERING INFORMATION 


PART NUMBER 

TEMPERATURE 

RANGE 

PACKAGE 

ML4810CP 

0°C to +70°C 

16-Pin MOLDED DIP (P16) 

ML4810CS 

0°C to +70°C 

16-Pln MOLDED SOIC (S16W) 

ML4811CP 

0°C to +70°C I 

20-Pin MOLDED DIP (P20) 

ML4811CS 

0°C to +70°C i 

20-Pin MOLDED SOIC (S20W) 

ML4811IP 

-40°C to +85°C 

20-Pin MOLDED DIP (P20) 

ML4811MJ 

-55®C to +125°C 

20-Pin HERMETIC DIP (J20) 
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_ ML4812 

Power Factor Controller 


GENERAL DESCRIPTION 

The ML4812 is designed to optimally facilitate a "boost" 
type power factor correction system. Special care has 
been taken in the design of the ML4812 to increase 
system noise immunity. The circuit includes a precision 
reference, multiplier, error amplifier, over-voltage 
protection, ramp compensation, as well as a high 
current output. In addition, start-up is simplified by an 
under-voltage lockout circuit with 6V hysteresis. 

In a typical application, the ML4812 functions as a 
current mode regulator. The current which Is 
necessary to terminate the cycle is a product of the 
sinusoidal line voltage times the output of the error 
amplifier which is regulating the output DC voltage. 
Ramp compensation is programmable with an external 
resistor, to provide stable operation when the duty 
cycle exceeds 50%. 


FEATURES 

■ Precision buffered 5V reference (+0.5%) 

■ Current Input Multiplier reduces external 
components and improves noise immunity 

■ Programmable Ramp Compensation circuit 

■ 1A Peak Current Totem-Pole Output Drive 

■ Over-Voltage comparator eliminates output 
"runaway" due to load removal 

■ Wide common mode range in current sense 
comparators for better noise immunity 

■ Large oscillator amplitude for better noise immunity 
















ML4812 


PIN CONNECTIONS 

ML4812 
16-Pin DIP 


KSENSE) 
MULTIPLIER 
EAOUT 
INV 
OVP 
i(SINE) 
RAMP COMP 
RfD' 


] CfD 

] SIGNAL GND 
Hsvvref 
IlVcc 
] OUT 
2 PWR GND 
2 SHUTDOWN 
2 CLOCK 


TOP VIEW 


ML4812 
20-f>in PCC 


KSENSE) CCT). 

MULTIPLIER I NC I SIGNAL GND 




EA OUT 

INV [ 5 
NC [ 6 
OVP [ 7 
KSINE) [ 8 


2 1 20 19 


9 10 11 12 13 


18 ] 5V Vref 
17 ] Vcc 
16 ] NC 
15 ] OUT 
14 ] PWR GND 


RAMP COMP I NC I SHUTDOWN 
R(T) CLOCK 
TOP VIEW 


PIN DESCRIPTION (DIP) 

PIN NO. 

NAME 

FUNCTION 

1 

KSENSE) 

Input from the Current 

Sense Transformer {T1) to the 
PWM comparator (+). 

2 

MULTIPLIER 

Output of Current Multiplier. 
A resistor to ground on this 
pin converts the current to a 
voltage. This pin is clamped 
to 5V and tied to the PWM 
comparator (-). 

3 

EA OUT 

Output of error amplifier. 

4 

INV 

Inverting input to error 
amplifier. 

5 

OVP 

Input to over voltage 
comparator. 

6 

, l(SINE) 

Current Multiplier Input. 

7 

R.AMP COMP 

Buffered output from the 
Oscillator Ramp [C(T)]. A 
resistor to ground sets the 
current which is internally 
subtracted from the product 
of KSINE) and KEA) in the 
multiplier. 


PIN NO. 

NAME 

FUNCTION 

8 

R(T) 

Oscillator timing resistor pin. 
A 5V source sets a current in 
the external resistor which is 
mirrored to charge C(T). 

9 

CLOCK 

Digital clock output. 

10 

SHUTDOWN 

A TTL compatible low level 
on this pin turns off the 
output. 

11 

PWR GND 

Return for the High Current 
Totem pole output. 

12 

OUT 

High Current Totem pole 
output. 

13 

Vcc 

Positive Supply for the 1C. 

14 

svVref 

Buffered output for the 5V 
voltage reference. 

15 

SIGNAL GND 

Analog signal ground. 

16 

C(T) 

Timing Capacitor for the 
Oscillator. 


Linear 
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ABSOLUTE MAXIMUM RATINGS 


Supply Current (Ice) . 30mA 

Output Current, Source or Sink (Pin 12) 

DC . lOA 

Output Energy (capacitive load per cycle) . 5//J 

Multiplier l(SINE) Input (pin 6) . 1.2mA 

Error Amp Sink Current (pin 3) . 10mA 

Oscillator Charge Current . 2mA 

Analog Inputs (pins 1, 4, 5) . -0.3V to 5.5V 

Junction Temperature . 150®C 

Storage Temperature Range . -65°C to +150°C 

Lead Temperature (soldering 10 sec.) . +260°C 


Thermal Resistance (^ja) 

Plastic Chip Carrier (PCC) — Q . 60°C/W 

Plastic DIP — P .... 65°C/W 

Ceramic DIP — j . 65°C/W 

OPERATING CONDITIONS 

Temperature Range 

ML4812C ... O^Cto+ZO^C 

ML4812I .. -40°C to +85°C 

ML4812M .. -55°C to +125°C 


Absolute maximum ratings are those values beyond which the device could be permanently damaged. Absolute maximum ratings are stress 
ratings only and functional device operation is not implied. 


ELECTRICAL CHARACTERISTICS Unless otherwise specified, Rj = 14KQ, Cj = lOOOpF, 

Ta = Operating Temperature Range, Vec = ^SV (note 2), Pin numbers refer to 16-pin DIP package. 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Oscillator 

Initial Accuracy 

T| = 25‘^C 

91 

98 

105 

KHz 

Voltage Stability 

12V < Vec < 18V 


0.3 


% 

Temperature Stability 



2 


% 

Total Variation 

line, temp. 

90 


108 

KHz 

Ramp Valley to Peak 



3.3 


V 

R(T) Voltage 


4.8 

5.0 

5.2 

V 

Discharge Current (pin 8 open) 

Tj = 25“C, Vp,N 16 = 2V 

7.8 

8.4 

9.0 

mA 

VpiN 16 = 2V 

7.3 

8.4 

9.3 

V 

Clock Out Voltage Low 

Rl = 16KO 


0.2 

0.5 

V 

Clock Out Voltage High 

Rl = 16KQ 

3.0 

3.5 


V 

Reference Section 

Output Voltage 

Tj = 25°C, lo = 1mA 

4.95 

5.00 

5.05 

V 

Line Regulation 

12V < Vec < 25V 


2 

20 

mV 

Load Regulation 

1mA <lo< 20mA 


2 

20 

mV 

Temperature Stability 



0.4 


% 

Total Variation 

line, load, temp 

4.9 


5.1 

V 

Output Noise Voltage 

10Hz to lOKHz 


50 


/iV 

Long Term Stability 

T, = 125®C, 1000 Hrs (note 1) 


5 

25 

mV 

Short Circuit Current 

Vref = 0V 

-30 

-85 

-180 

mA 

Error Amplifier Section | 

Input Offset Voltage 




±15 

mV 

Input Bias Current 



-0.1 

-1.0 

M 

Open Loop Gain 

1 < Vp,N 3 < 5V 

60 

75 


dB 

PSRR 

12V < Vec < 25V 

60 

75 


dB 

Output Sink Current 

VpiN 3 U1V, VpiN 4 = 6.2V 

2 

12 


mA 

Output Source Current 

Vp,N 3 = 5.0V, Vp,N 4 = 4.8V 

-0.5 

-1.0 


mA 

Output High Voltage 

IpiN 3 “ —0.5mA, Vpifsj 4 = 4.8V 

5.3 

5.5 


V 

Output Low Voltage 

IpiN 3 = Vpiivi 4 = 6.2V 


0.5 

1.0 

V 

Unity Gain Bandwidth 



1.0 


MHz 
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ELECTRICAL CHARACTERISTICS (Continued) 

Unless otherwise specified, Rj = 14KO, Cj = lOOOpF, Ta = Operating Temperature Range, Vcc = 15V (note 2), 
Pin numbers refer to 16-pin DIP package. 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Multiplier 

l(SINE) Input Voltage 

l(SINE) - 500//A 

.4 

.7 

.9 

V 

Output Current (pin 2) 

l(SINE) = 500//A. PIN 4 = Vref - 20mV 

460 

480 

510 

M 

l(SINE) = 500/iA, PIN 4 = Vref + 20mV 


3 

10 

/iA 

l(SINE) = 1mA, PIN 4 = Vref - 20mV 

900 

950 

1020 

//A 

l(SINE) = 500/iA. PIN 4 = Vref - 20mV, lp,N 7 = 50//A 


455 


■fjA 

Bandwidth 



200 


KHz 

PSRR 

12V < Vcc < 25V 


70 


dB 

OVP Comparator | 

Input Offset Voltage 

Output Off 

-25 


+5 

mV 

Hysteresis 

Output On 

95 

105 

115 

niV 

Input Bias Current 



-0.3 

-3 

M 

Propagation Delay 



150 


nS 

PWM Comparator: l(SENSE) 

Input Offset Voltage 




±15 

mV 

Input Offset Current 




±1 

mA 

Input Common Mode Range 


-0.2 


-■'5.5 

V 

Input Bias Current 



-2 

-10 

//A 

Propagation Delay 



150 


nS 

IlimiT Trip Point 

Vp,N2 = 5.5V 

4.8 

5 

5.2 

V 

Output Section | 

Output Voltage Low 

Iqut —20mA 


0.1 

0.4 

V 

Iqut “ -200mA 


1.6 

2.2 

V 

Output Voltage High 

Iqut “ 20mA 

13 

13.5 


V 

Iqlit " 200mA 

12 

13.4 


V 

Output Voltage Low in UVLO 

louT " -5mA, Vcc “ SV 


0.1 

0.8 

V 

Output Rise/Fall Time 

Q. 

0 

0 

0 

II 

u 


50 


nS 

Shut Down Input 

V,H 

2.0 



V 

VlL 



0.8 

V 

111/ VpiN 10 = OV 



-1.5 

mA 

l|H/ VpiN 10 = 5V 



10 

M 

Under-Voltage Lockout 

Start-Up Threshold 


15 

16 

17 

V 

Shut-Down Threshold 


9 

10 

11 

V 

Vref Good Threshold 



4.4 


V 

Total Device | 

Supply Current 

Start-Up, Vcc = 14V, Tj = 25°C 


.8 

1.2 

mA 

Operating, Tj = 25°C 


20 

25 

mA 

Internal Shunt Zener Voltage 

Ice = 30mA 

25 

30 

34 

V 


Note 1: This parameter not 100% tested in production but guaranteed by design. 

Note 2: V^c is raised above the Start-Up Threshold first to activate the 1C, then returned to 15V. 
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FUNCTIONAL DESCRIPTION 

OSCILIATOR 

The ML4812 oscillator charges the external capacitor 
(Cj) with a current (Iset) equal to 5/Rset- When the 
capacitor voltage reaches the upper threshold, the 
comparator changes state and the capacitor discharges 
to the lower threshold through Q1. While the capacitor 
is discharging, Q2 provides a high pulse. 

The Oscillator period can be described by the 
following relationship: 

Tosc = Tramp + Tdeadtime 

where: 

Cj X VramP valley to peak 

I RAMP =-;-^— 

■set 

and: 

^ Cj X VramP valley to peak 

• DEADTIME = 7";;—^ , 

8.4mA - IsET 



tdH h- 


Figure 1. Oscillator Block Diagram 

95% 


Vcc = 15V 

LTa = 250 c 



50 100 200 300 500 

foSG OSCILLATOR FREQUENCY (kHz) 

-MAX DUTY CYCLE 


OUTPUT DRIVER STAGE 

The ML4812 Output Driver is a 1A peak output high 
speed totem pole circuit designed to quickly drive 
capacitive loads, such as power MOSFET gates. 


SOURCE SATURATION 


(LOAD TO GROUND) 80a<s PULSED LOAD 



0 200 400 600 8( 

lo, OUTPUT LOAD CURRENT (mA) 

Figure 3. Output Saturation Voltage vs. Output Current 
ERROR AMPLIFIER 

The ML4812 error amplifier is a high open loop gain, 
wide bandwidth, amplifier. 



Figure 4. Error Amplifier Configuration 
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Vcc = 15V 

Vo = 1.0V TO 5.0V _ 
Rl = 100K 

Ta = 25 °c 


Figure 2. Oscillator Timing Resistance vs. Frequency 
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f, FREQUENCY (Hz) 

Figure 5. Error Amplifier Open-Loop Gain and Phase 
vs. Frequency 
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MULTIPLIER 

The ML4812 multiplier is a linear current input 
multiplier to provide high immunity to the disturbances 
caused by high power switchirigV The rectified line 
input sine wave is converted to a current via a 
dropping resistor. In this way small amounts of ground 
noise produce an insignificant effect on the reference 
to the PWM comparator. 

The output of the multiplier is a current proportional to: 
. louT KSINE) X l(EA) 

where l(SINE) is the current in the dropping resistor, 
and l(EA) is a current proportional to the output of the 
error amplifier. When the error amplifier is saturated 
high, the output of the multiplier is approximately 
equal to the l(SINE) input current. 

The multiplier output current is converted into the 
reference voltage for the PWM comparator through a 
resistor to ground on the multiplier output. The 
multiplier output is clamped to 5V to provide current 
limiting. 

Ramp compensation is accomplished by subtracting 1/2 
of the current flowing out of pin 7 through a buffer 
transistor driven by C(T) which is set by an external 
resistor. 


ERRORCURRENT 




Figure 7. Multiplier Linearity 


UNDER VOOAGE LOCKOUT 

On power-up the ML4812 remains in the UVLO 
condition; output low and quiescent current low. The 
IC becomes operational when reaches 16V. When 
Vqc drops below 10V, the UVLO condition Is imposed. 
During the UVLO condition, the 5V Vr^p pin is "off", 
making it usable as a "flag" for starting up a down¬ 
stream PWM converter. 



Figure 8. Under-Voltage Lockout Block Diagram 



VcG SUPPLY VOLTAGE (V) 


Figure 9a. Total Supply Current vs. Supply Voltage 



Figure 9b. Supply Current (Ice) vs. Temperature 
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0 20 40 60 80 100 120 

Iref, reference source current (mA) 


Figure 10. Reference Load Regulation 


APPLICATIONS 


INPUT INDUCTOR (LI) SELECTION 


The central component in the regulator is the input 
boost inductor. The value of this inductor controls 
various critical operational aspects of the regulator. If 
the value is too low, the input current distortion will be 
high and will result in low power factor and increased 
noise at the input. This will require more input filtering. 
In addition, when the value of the Inductor Is low the 
inductor dries out (runs out of current) at low currents. 
Thus the power factor will decrease at lower power 
levels and/or higher line voltages. If the inductor value 
is too high, then for a given operating current the 
required size of the inductor core will be large and/or 
the required number of turns will be high. So a 
balance must be reached between distortion and core 
size. 

One more condition where the Inductor can dry out is 
analyzed below-where it is shown to be maximum duty 
cycle dependent. 


For the boost converter at steady state; 


VouT = 


V|N 

1 - Don 


( 1 ) 


Where Dqn is the duty cycle [TonATon + Tqff)]- The 
input boost inductor will dry out when the following 
condition is satisfied: 


ViN(t) < VouT X (1 - Don) (2) 

or 

V|ndry = [1 - Don (max)] x Vout (3) 

Vindry^ Voltage where the inductor dries out. 

VouT Output dc voltage. 


Effectively, the above relationship shows that the 
resetting volt-seconds are more than setting volt- 
seconds. In energy transfer terms this means that less 
energy Is stored in the inductor during the ON time 
than it is asked to deliver during the OFF time. The net 
result is that the Inductor dries out. 

The recommended maximum duty cycle is 95% at 
lOOKHz to allow time for the input inductor to dump 
its energy to the output capacitors. 

For example: 

if: Vout = 380V and 

Don (max) = 0.95 

then substituting in (3) yields V|ndry = 20V. The effect 
of drying out is an increase in distortion at low 
voltages. 

For a given output power, the instantaneous value of 
the input current is a function of the input sinusoidal 
voltage waveform, i.e. as the input voltage sweeps from 
zero volts to a maximum value equal to its peak so 
does the current. 


The load of the power factor regulator is usually a 
switching power supply which is essentially a constant 
power load. As a result, an increase in the input voltage 
will be offset by a decrease in the input current. 

By combining the ideas set forth above, some ground 
rules can be obtained for the selection and design of 
the input inductor: 


Step 1: Find minimum operating current. 

1.414 X P||^(min) 

liN(min)pEAK = r;~. -^ 

V|N(max) 

V|N(max) = 260V 
PiN(min) = 50W 
then: l|N(mm)pEAK = 0.272A 


(4) 


Step 2; Choose a minimum current at which point the 
inductor current will be on the verge of drying 
out. For this example 40% of the peak current 
found in step 1 was chosen. 


then: Ildry = 100mA 


Step 3: The value of the Inductance can now be found 
using previously calculated data. 

^ ViNDRY ^ DoN(max) 

Ildry ^ fosc 
20V X 0.95 

--2mH 

100mA X lOOKHz 


The inductor can be allowed to decrease in value 
when the current sweeps from minimum to maximum 
value. This allows the use of smaller core sizes. The 
only requirement Is that the ramp compensation must 
be adequate for the lower inductance value of the core 
so that there is adequate compensation at high current. 
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OPTIONAL 
ENHANCEMENT J 
CKI 5 


^O TO Kc ,N 

260 VAC 



Dq . . D« 

Nt n —■ 

, C15 

^ P3* 

^ Rio 
C39k 
f 2W 

Cl6 +1 

100/uF:^ 

25V 

Ns^j-4^- 

“UUULT 

^■GND 

330//F 

1 + 


Cl8 


I R4B S Rpb 
► 180k >150k 


OFF-LINE START-UP 
AND BIAS SUPPLY 


- C 3 


6.8nF 

T 

IkV 

630V 

R6 

Cs 

150k ' 

- 680//F 

1W 

200V 

R 7 - 

Ce 

150k " 

- 680/uF 

1W 

200V 


VOUT 380 VDC 


^ SEE NOTES BELOW 


NOTES: 

1. ALL UNSPECIFIED DIODES ARE tN4148. 

2. ALL UNSPECIFIED RESISTORS ARE 1/4 WAIT 

3. ALL UNSPECIFIED CAPACITOR VOLTAGE RATINGS ARE 50V. 

4. AD)UST R2A and Rsa WITH CAUTION TO AVOID OVER VOLTAGE CONDITIONS. 

03 = 2N2222 OR EQUIVALENT 


P3 IS USED AT INITIAL TURN-ON TO 
CHECK THE 1C FOR PROPER OPERATION. 

APPLY «16VDC. 

FIXED RESISTORS OVN BE USED FOR THE SENSING 
COMPONENTS. BELOW ARE 1% STANDARD 
RESISTORS THAT WILL FORCE THE CORRECT 
OUTPUT VOOAGES R1A, RIB, R4A, R4B = 178K 1% 
R2B = 4.75K 1%, R5B = 4.53K 1%. 

USE lUMPERS INSTEAD OF R2A AND R5A (POTS). 

' FOR HIGHER POWER USE MORE Vcc DECOUPLING. 
2fjf OR MORE MAY BE REQUIRED AT 1KW LEVELS. 
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Step 4: The presence of the ramp compensation will 
change the dry out point, but the value found 
above can be considered a good starting point. 
Based on the amount of power factor 
correction the above value of LI can be 
optimized after a few iterations. 

Gapped Ferrites, Molypermalloy, and Powdered Iron 
cores are typical choices for core material. The core 
material selected should have a high saturation point 
and acceptable losses at the operating frequency. 

One ferrite core that is suitable at around 200W is the 
#4229PL00-3C8 made by Ferroxcube. This ungapped 
core will require a total gap of 0.180" for this 
application. 


OSCILLATOR COMPONENT SELECTION 


The oscillator timing components can be calculated by 
using the following expression: 


^osc = 


1.36 

Rt X Cj 


( 6 ) 


For example: 


Step 1: 


At lOOKHz with 95% duty cycle Tqff = 500ns 
calculate Cj using the following formula: 


„ Toff ^ bis 

Gj =- 

Vosc 


= lOOOpF 


(7) 


Step 2: Calculate the required value of the timing 
resistor. 


1.36 _ 1.36 

” fesc X Ct ~ lOOKHz X lOOOpF 
= 13.6KQ choose Rj = 14KO. 


( 8 ) 


CURRENT SENSE AND SLOPE (RAMP) COMPENSATION 
COMPONENT SELECTION 

Slope compensation in the ML4812 is provided 
internally. Rather than adding slope to the noninverting 
input of the PWM comparator it is actually subtracted 
from the voltage present at the inverting input of the 
PWM comparator. The amount of slope compensation 
should be at least 50% of the downslope of the 
inductor current during off time as reflected to the 
inverting input of the PWM comparator. Note that 
slope compensation is required only when the inductor 
current is continuous and the duty cycle is more than 
50%. The downslope of the inductor current at the 
verge of discontinuity can be found using the 
expression given below: 

dii ^ Vqut - V|N dry ^ 380V - 20V 
dt ~ L ' 2mH 


= 0.18 A//JS 

The downslope as reflected to the input of the PWM 
comparator is given by: 

5 no, 

L Nc 


Where Rs is the current sense resistor and Nc is the 
turns ratio of the current transformer (T1) used. In 
general, current transformers simplify the sensing of 
switch currents especially at high power levels where 
the use of sense resistors is complicated by the amount 
of power they have to dissipate. Normally the primary 
side of the transformer consists of a single turn and the 
secondary consists of several turns of either enameled 
magnet wire or insulated wire. The diameter of the 
ferrite core used in this example is 0.5" (SPANG/Magnetics 
F41206-TC). The rectifying diode at the output of the 
current transformer can be a 1N4148 for secondary 
currents up to 75mA average. 

Sense FETs Or resistive sensing can also be used to 
sense the switch current, the sensed signal has to be 
amplified to the proper level before it is applied to the 
ML4812. 


The value of the ramp compensation (SCpw/vt) seen 
at the inverting terminal of the PWM comparator Is: 


SCpwM = 


7.5 X R;^ 

Rj X Cj X Rsc 


( 11 ) 


The required value for Rsc can therefore be found by 
equating: 

SCpwM = Asc X SpwM 


where Asc is the amount of slope compensation and 
solving for Rsc- 


The value of Rm (pin 2) depends on the selection of Rp 
(pin 6) 


V||vsj(max)ppAK 760 x 1.414 
IsiNE(peak) 0.5mA 


(17) 


Rm = 


VcLAMP ^ Rp 4.9 X 750K 
V|N(min)pEAK 90 x 1.414 


28.8K 


(13) 


The peak of the inductor current can be found 
approximately by: 

1414 X Pouj 1.414 X 200 
Ilpeak= . =-IT-= 3.14A (14) 


V|N(mln)RMs 


90 


Selection of Nc which depends on the maximum 
switch current, assume 4A for this example is 80 turns. 


VcLAMP ^ bic 4.9 X 80 

= G-100O 

•lpeak 4 


(15) 


Where Rs is the sense resistor, and Vclamp's the 
current clamp at the inverting input of the PWM 
comparator. This clamp is internally set to 5V. In actual 
application it is a good idea to assume a value less than 
5V to avoid unwanted current limiting action due to 
component tolerances. In this application Vclamp was 
chosen as 4.9V. 


Having calculated Rs the value SpwM and of Rsc can 
now be calculated: 


SpWM - 


380V - 20 

-X 

2mH 


-= 0.225V/A/S 

80 
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Rsc = 


2.5 X 


Rsc ' 


Asc ^ SpwM ^ Rt ^ Cj 
2.5 X 28.8K 

0.7 X (.225 X 106) X 14K x lnF ' 


33K 


The following values were used in the calculation: 

Rm = 28.8K Asc = 0.7 

Rt = 14K CT = 1nF 


(16) 


VOLTAGE REGULATION COMPONENTS 


The values of the voltage regulation loop components 
are calculated based on the operating output voltage. 
Note that voltage safety regulations require the use of 
sense resistors thdt have adequate voltage rating. As a 
rule of thumb if 1/4W resistors are available, two of 
them should be used in series. The input bias current 
of the error amplifier is approximately 0.5//A, therefore 
the current available from the voltage sense resistors 
should be significantly higher than this value. Since two 
1/4W resistors have to be used the total power rating is 
1/2W. The operating power is set to be 0.4W then with 
380V output voltage the value can be calculated as 
follows: 

Rl = (380V)2/0.4W = 360K (17) 

Choose two 178K, 1% connected in series. 

Then R 2 can be calculated using the formula below: 

Vref X Ri 5V X 356K 

R 2 = —^ =-= 4.747K (18) 

Vqut - Vref 380V - 5V 

Choose 4.75K, 1 %. One more critical component In the 
voltage regulation loop is the feedback capacitor for 
the error amplifier. The voltage loop bandwidth should 
be set such that it rejects the 120Hz ripple which is 
present at the output. If this ripple is not adequately 
attenuated it will cause distortion on the input current 
waveforrri. Typical bandwldths range anywhere from a 
few Hertz to 15Hz. The main compromise is between 
transient response and distortion. The feedback 
capacitor can be calculated using the following formula: 


Cf = 


Cf = 


3.142 X X BW 
1 

3.142 X 356K x 2Hz 


= 0.44/yF 


(19) 


OVERVOLIAGE PROTECTION (OVP) COMPONENTS 

The OVP loop should be set so that there is no 
interaction vvlth the voltage control loop. Typically it 
should be set to a level where the power components 
are safe to operate. Ten to fifteen volts above Vqut 
seems to be adequate. This sets the maximum transient 
output voltage to about 395V. 

By choosing the high voltage side resistor of the OVP 
circuit the same way as above i.e. R 4 = 356K then R 5 
can be calculated as: 


Vref R4 5V X 356K 

R 5 =—— - - = -- 4.564K 

Vqvp " Vref 395V - 5V 


( 20 ) 


Choose 4.53K, 1%. 

Note that R|, R 2 / R 4 and R 5 should be tight tolerance 
resistors such as 1 % or better. 

CONTROLLER SHUTDOWN 

The ML4812 provides a shutdown pin which could be 
used to shutdown the 1C. Care should be taken when 
this pin is used because power supply sequencing 
problems could arise if another regulator with its own 
bootstrapping follows the ML4812. In sUch a case a 
special circuit should be used to allow for orderly start 
up. One way to accomplish this is by using the 
reference voltage of the ML4812 to inhibit the other 
controller 1C or to shut down its bias supply current. 

OFF-LINE START-UP AND BIAS SUPPLY GENERATION 

The ML4812 can be started using a "bleed resistor" 
from the high voltage bus. After the voltage on pin 13 
(Vcc) exceeds 16V, the 1C starts up. The energy stored 
on the 330//F, C15, capacitor supplies the 1C with 
running power until the supplemental winding on LI 
can provide the power to sustain operation. 

The values of the start-up resistor RIO and capacitor 
C15 may need to be optimized depending on the 
application. The charging waveform for the secondary 
winding of LI is an inverted chopped sinusoid which 
reaches its peak when the line voltage is at its 
minimum. In this example, C9 = .1//F, C15 - 330AfF, 

D 8 = 1N4148 R10 = 39K, 2W. 

ENHANCEMENT CIRCUIT 

The theory of operation of the power factor 
enhancement circuit (inside the dotted lines) In Figure 
11 is described in APPLICATION NOTE 11 in detail. It 
improves the power factor and lowers the input current 
harmonics. Note that the circuit meets the proposed 
lEC 555 specifications (with the enhancement) on the 
harmonics with a large margin while correcting the 
input power factor to better than 0.99 under most 
steady state operating conditions. 

CONSTRUCTION AND LAYOUT TIPS 

High frequency power circuits require special care 
during breadboard construction and layout. Double 
sided printed circuit boards with ground plane on one 
side are highly recommended. All critical switching 
leads (power FET, output diode, 1C output and ground 
leads, bypass capacitors) should be kept as small as 
possible. This is to minimize both the transmission and 
pick-up of switching noise. 

There are two kinds of noise coupling; inductive and 
capacitive. As the name implies inductive coupling is 
due to fast changing (high di/dt) circulating switching 
currents. The main source Is the loop formed by Q1, 

D5, and G3-C4. Therefore this loop should be as small 
as possible, and the above capacitors should be good 
high frequency types. 
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The second form of noise coupling is due to fast 
changing voltages (high dv/dt). The main source in this 
case is the drain of the power FET The radiated noise 
in this case can be minimized by insulating the drain of 
the FET from the heatsink and then tying the heatsink 
to the source of the FET with a high frequency 
capacitor (Ch in Figure 11). 


Component Values/Bill 


Reference 

Description 

CX C4 

VE 630V Film (250 VAC) 

C3, Ch 

6 .8nF 1KV Ceramic disk 

C5, C6 

680//F 200V Electrolytic 

C8, C9 

.1//F 50V Ceramic 

C10, C19 

1/iF 50V Ceramic 

C11 

.OOlywF 50V Ceramic 

CIS 

330ywF 25V Electrolytic 

C16 

100//F 25V Electrolytic 

Cl 7 

10//F 25V Electrolytic 

Cp 

.47//F 50V Ceramic 

Ct 

.002/>fF 50V Ceramic 

D1, D2, D3, D4, DIO 

1N5406 (Motorola) 

D5 

MUR850 (Motorola) 

DC DC DC 

D1T D12, D13 

1N4148 

FI 

5A 250V 3AG with clips 

IC1 

ML4812CP (Micro Linear) 

LI 

2mH, 4A IpEAK (see below) 

Q1 

IRF840 or MTPN8N50 


Notes: All resistors 1/4W unless otherwise specified. Some reference 
schematic. These designators were used in previous revisions 
on key components is included in the attached appendix. 


The 1C has two ground pins named PWR GND and 
Signal GND. These two pins should be connected 
together with a very short lead at the printed circuit 
board exit point. In general grounding is very important 
and ground loops should be avoided. Star grounding 
schemes are preferred. 

of Materials for Figure 11 


Reference 

Description 

Q2 

LM7815CT 

Q3 

2N2222 or equivalent 

R1A, RIB, R4A, R4B 

180KO 

R2A, R5A 

10KQ TRIMPOT BOURNS 3299 
or equivalent 

R2B, R5B 

3.9KQ 

R3, R13 

22KQ \ 

R6, R7, RPB 

ISOKO 

RIO 

39KO, 2W 

R11 

33KQ 

R12 

1KD 

RG 

10 Q 

RM 

27KO 

RPA, R15 

360KQ 

RS 

100 Q 

RSC 

33KQ 

RT 

Z5KQ 

T1 

SPANG F41206-TC 

Ns = 80, Np = 1 (see attached) 


designators are skipped (e.g. C2, C12^ etc.) and do not appear on the 
of the board and are not used on this revision. Additional information 
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Magnetics Tips (Refer to Figure 11) 


L1 —Main inductor: 

One of several toroidal cores can be used for LI: 


Material 

Manufacturer 

Part # 

Turns (#24AWG) 

Powdered Iron 

Micrometals 

T225-8/90 

200 

Powdered Iron 

Micrometals 

T184-40 

120 

Molypermalloy 

SPANG (Mag. Inc.) 

58076-A2 (high flux) 

180 


The T184-40 core above is the most economical, but 
has lower inductance at high current. This would yield 
higher ripple current and require more line EMI 
filtering. The value for RSC (slope compensation resistor 
on Pin 7) was calculated for the T225-8/90 and should 
be recalculated for other inductor characteristics. 
Selected pages of the Micrometals iron powder core 
data sheets are attached for your convenience. The 
core manufacturer also has additional applications 
literature available. 

A gapped ferrite core can also be used In place of the 
powdered iron core. One such core is a Ferroxcube 
core #4229PL00-3C8. This is an un-gapped core. Using 
145 turns of #24 AWG wire, a total air gap of .180" is 
required to give a total inductance of about 2mH. Since 
1/2 of the gap will be on the outside of the core and 
1/2 the gap on the Inside, putting a .09" spacer In the 
center will yield a .180" total gap. To prevent leakage 
fields from generMing RFI, a shorted turn of copper 
tape should be wrapped around the gap as shown 
below: 


COPPER FOIL 
SHORTED TURN 


.09" GAP 



T1 —Sense Transformer 

In addition to the core type mentioned in the parts list, 
the following Siemens cores should be suitable for 
substitution and may be more readily available in 
Europe. 


Material 

Size Code 

Part # 

N27 

R16/6.3 

B64290-K45-X27 

N30 

R16/6.3 

B64290-K45-X830 


The N27 material Is for high frequency and will work 
better above 100kHz but both are adequate. In 
addition, Ferroxcube/Phillips Magnetics core 768T188- 
3C8 can be used. 


U.S. Core Vendors: 


Manufacturer 

Phone Number 

SPANG/MagnetIcs Inc. 

(412) 282-8282 

Micrometals 

(800) 356-5977 

Ferroxcube/Phillips Magnetics 

(818) 998-7311 


For production, a gapped center leg can be ordered 
from most core vendors, eliminating the need for the 
external shorted copper turn when using a pot core. 


6-42 


icro Linear 









1. ALL UNSPECIFIED DIODES ARE 1N4148. 

2. ALL UNSPECIFIED RESISTORS ARE 1/4 WATT ♦ AT INITIAL TURN-ON TO CHECK 

3. ALL UNSPECIFIED CAPACITOR VOLTAGE RATINGS ARE 50V. THE 1C FOR PROPER OPERATION, 

4. ADJUST R2A and R 5 A WITH CAUTION TO AVOID OVER VOLTAGE CONDITIONS. APPLY « 16VDC. 


Q 3 = 2N2222 OR EQUIVALENT 


FIXED RESISTORS CAN BE USED FOR THE SENSING 
COMPONENTS. BELOW ARE 1% STANDARD 
RESISTORS THAT WILL FORCE THE CORRECT 
OUTPUT VOLTAGES RIA, RIB, R4A, R4B = 178K 1% 
R2B = 4.75K 1%, R5B = 4.53K 1%. 

USE JUMPERS INSTEAD OF R2A AND R5A (POTS). 

FOR HIGHER POWER USE MORE Vcc DECOUPLING. 


uo 
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ORDERING INFORMATION 


PART NUMBER 

TEMPERATURE 

RANGE 

PACKAGE 

ML4812CP 

0®C to +70°C 

MOLDED DIP (P16) 

ML4812CQ 

0°C to +70°C 

MOLDED PCC (Q20) 

ML4812IP 

-40°C to +85‘'C 

MOLDED DIP (P16) 

ML4812IQ 

-40‘>C to+85°C 

MOLDED PCC (Q20) 

ML4812MJ 

-SS-’C to+125‘'C 

HERMETIC DIP (J16) 
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ML4812EVAL 


Power Factor Controller Evaluation Kit 


GENERAL DESCRIPTION 

The ML4812EVAL kit provides a convenient vehicle to 
evaluate the ML4812 Power Factor Correction circuit. The 
board implements a 200W "boost" type power factor 
correction system. Special care has been taken in the 
layout of this PC board to provide adequate space for 
probes and a large area for ground plane to increase 
system noise immunity. 

This kit includes a blank PC board, schematic of a 
complete power factor correction system and 
specifications for the key external components necessary 
to build a prototype Power Factor Correction front end. 
The unit is designed to operate over 90VAC to 256VAC 
line range and can run from no load to a full 200W. 

Fligher power levels can be achieved using this board by 
using larger external components. 

This boost mode converter is set to run with a 380V 
output and achieves power factors of better than .99 over 
a wide range of input line and output load. 


FEATURES 

■ Power Factor > .99 

■ Harmonic currents well below proposed IEC555-2 
limits. 

■ 90 to 256VAC input, 380V output to 200W 

■ 380VDC output to 200W 

■ Over-Voltage Protection 

■ Peak Current sense circuit protects Power MOSFET 

■ PC board and ML4812CP controller included 

■ Line and Load regulation better than 2% 

■ Complete documentation and applications information 

KIT COMPONENTS 

■ User's Guide 

■ ML4812 Datasheet 

■ ML4812 Sample 

■ Evaluation Board 

■ Powder Iron Toroidal Core 
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PRELIMINARY 

ML4813 


Flyback Power Factor Controller 


GENERAL DESCRIPTION 

The ML4813 is designed to optimally facilitate a 
discontinuous 'Tlyback" or "buck-boost" type power 
factor correction system for low power, low cost 
applications. Special care has been taken in the design 
of the ML4813 to reject system noise. The circuit 
includes a precision reference, oscillator, error 
amplifier, over-voltage comparator, over-current 
comparator, and an extra op-amp as well as a high 
current output. In addition, start-up is simplified by an 
under-voltage lockout circuit with 6V hysteresis. 

In a typical application, the ML4813 functions as a 
voltage mode regulator. By maintaining a constant duty 
cycle, the current follows the input voltage, making the 
impedance of the entire circuit appear purely resistive. 
With the flyback circuit, power factors of .99 are easily 
achievable with a small output inductor and a 
minimum of external components. 


FEATURES 

■ Precision buffered 5V reference (±1%) 

■ Extra op-amp for output voltage instrumentation 
amplifier 

■ Over Current comparator for switch protection 

■ Soft Start and 6V hysteresis under-voltage lockout 
for easy low surge off-line starting 

■ 1 A Peak Current Totem-Pole Output Drive 

■ Over-Voltage comparator eliminates output 
"runaway" due to load removal 

■ Large oscillator amplitude for better noise 
immunity 

APPLICATIONS 

■ PC power supplies 

■ Lamp Ballasts 


BLOCK DIAGRAM (Pin out shown is for DIP) 
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PIN CONFIGURATION 

ML4813 
16-Pin DIP 


l(LIMIT) 
SOFT START 
COMP 
V(FB) 
OVP 
OAOUT 
OA- 
OA+ 


16-PIN DIP 

] CCD 

2 SIGNAL GND 
2 5V Vref 
H Vcc 

2 OUT 
2 PWR GND 
2 SYNC 

2 m 

TOP VIEW 


[T" 

.-r— 

16 


15 

[3 

14 

[‘I 

13 

[5 

12 

[6 

11 

C 7 

10 

[8 

9 


ML4813 
le-Pin SOIC 


l(LIMIT) QI 
SOFT START UZ 
COMP QI 3 
V(FB) QI 4 
OVP QI 
OAOUT QI 
OA- QI 
OA-i- QI 


16 ID C(T) 

15 X] SIGNAL GND 
14 X3 SVVref 
13 13 Vcc 

12 JD OUT 
11 ID PWR GND 
10 13 SYNC 
9 DQ R(T) 


PIN DESCRIPTION (DIP) 


PIN ft 

NAME 

FUNCTION 

1 

l(LIMIT) 

Current limit sense pin. Normally 
connected to sense resistor. When 
this pin exceeds 1V, the PWM 
cycle is terminated. 

2 

SOFT START 

Normally connected to a Soft Start 
capacitor. 

3 

COMP 

Output of error amplifier and 
input to PWM comparator. 

4 

V(FB) 

Control loop feedback voltage. 

5 

OVP 

Input to over voltage comparator. 

6 

OA OUT 

Output of uncommitted op-amp. 

7 

OA- 

Negative input of uncommitted 
op-amp. 

8 

OA+ 

Positive input of uncommitted 
op-amp. 


PIN # 

NAME 

FUNCTION 

9 

R(T) 

Oscillator timing resistor pin. A 5V 
source sets a current in the 
external resistor which is mirrored 
to charge C(T). 

10 

SYNC 

Input used to synchronize the 
oscillator to an external source. 

11 

PWR GND 

Return for the F^igh Current 

Totem pole output. 

12 

OUT 

High Current Totem pole output. 

13 

Vcc 

Positive Supply for the 1C. 

14 

5V Vref 

Buffered output for the 5V voltage 
reference. 

15 

SIGNAL GND 

Analog signal ground. 

16 

C(T) 

Timing Capacitor for the Oscillator. 
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ABSOLUTE MAXIMUM RATINGS 

Absolute maximum ratings are those values beyond which the 
device could be permanently damaged. Absolute maximum 
ratings are stress ratings only and functional device operation 
is not implied. 


Supply Current (Ice) . 40mA 

Output Current, Source or Sink (Pin 12) 

DC . 1.0A 

Output Energy (capacitive load per cycle) . 5/iJ 

Error Amp Sink Current (pin 3) . .. 10mA 

Oscillator Charge Current . 5mA 

Analog Inputs (pins 1, 3-8) .. -0.3V to 5,5V 


Junction Temperature .;.... 150°C 

Storage Temperature Range ... -65°C to +150°C 

Lead Temperature (Soldering 10 sec.) . +260°C 

Thermal Resistance (^ja) 

Plastic DIP or SOIC .... 65°C/W 

OPERATING CONDITIONS 

Temperature Range 

ML4813C ... ;... . 0°C to 70°C 


ELECTRICAL CHARACTERISTICS 

Unless otherwise specified, Rj = 14KO, Cj = lOOOpF, Ta = Operating Temperature Range, Vec = 15V (Note 2) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Oscillator 

Initial Accuracy 

Tj = 25®C 

90 

97 

104 

KHz 

Voltage Stability 

12V < Vec < 18V 


0.3 


% 

Temperature Stability 



2 


% 

Total Variation 

line, temp. 

88 


108 

KHz 

Ramp Valley 



1.0 


V 

Ramp Peak 



4.3 


V 

R(T) Voltage 


4.8 

5.0 

5.2 

V 

Discharge Current (pin 8 open) 

Tj = 25*^0, Vp,N 16 = 2V 

75 

8.4 

9.3 

mA 

VpiN 16 = 2V 

7.2 

8.4 

9.5 

mA 

-^^- 1 

Sync Pulse Threshold 


.8 

1.4 

2.0 

V 

Sync Input Bias Current 



350 

800 

M 


Reference Section 


Output Voltage 

Tj = 25‘‘C, lo = 1mA 

4.95 

5.00 

5.05 

V 

Line Regulation 

12V < Vec < 25V 


6 

20 

mV 

Load Regulation 

1mA <lo< 20mA 


3 

20 

mV 

Temperature Stability 



.4 


% 

Total Variation 

line, load, temp. 

4.9 


5.1 

V 

Output Noise Voltage 

10Hz to lOKHz 


50 


/jV 

Long Term Stability 

Tj = 125°C, 1000 Hrs, (note 1) 


5 

25 

mV 

Short Circuit Current 

-—i 

Vref = OV 

-30 

-85 

-180 

mA 


Error Amplifier Section 


Input Offset Voltage 


-15 


15 

mV 

Input Bias Current 



-0.1 

-1.0 

M 

Open Loop Gain 

1 < Vp,N 3 < 5V 

60 

75 


dB 

PSRR 

12V < Vcc < 25V 

60 

70 


dB 

Output Sink Current 

Vp,N 3 = 1.1V, Vp,N 4 = 6.2V 

2 

12 


mA 

Output Source Current 

Vp,N3 = 5.oy Vp,N4 = 4.8V 

-0.5 

-1.0 


mA 

Output High Voltage 

^PIN 3 ~ -0.5mA, Vp||vg 4 = 4.8V 

5.3 

6.4 

1 

V 

Output Low Voltage 

IpiN 3 == 2mA, VpiN 4 = 6.2V 


0.5 

1.0 

V 

1 

Unity Gain Bandwidth 



1.0 


MHz 
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ELECTRICAL CHARACTERISTICS (Continued) 

Unless otherwise specified, Rj = 14KO, Cj = lOOOpF, Ta = Operating Temperature Range, Vcc = 15V (note 2) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Un-Committed Op Amp 

Input Offset Voltage 

I 

-10 


10 

mV 

Input Bias Current 



-03 

-2.0 

fjA 

Input Offset Current 


-0.35 


0.35 

fiA 

Open Loop Gain 



90 


dB 

PSRR 


80 

125 


dB 

Output High Voltage 

IpiN 3 “ -10mA 

6.5 

8 


V 

Output Low Voltage 

Rl(PIN 6 ) = lOKQ 


.2 

.5 

V 


I (LIMIT) Comparator 


Input Trip Point 

Output Off 

.8 

1.0 

1.2 

V 

Input Bias Current 



-2 

-15 

M 

Propagation Delay 



150 


nS 


OVP Comparator 


Input Trip Point 

Output Off 

5.5 

5.6 

5.7 

V 

Hysteresis 

Output On 


100 


mV 

Input Bias Current 



-0.3 

-3 

fjA 


PWM Comparator 


Input Common Mode Range 


- 1 

-0.2 


5.5 

V 

Input Bias Current 



-2 

-10 

M 

Propagation Delay 



150 


nS 

Soft Start Section 

Soft Start Current (pin 2) 

VpiN 2 - IV 

40 

60 

80 

fjA 

Output Section 

Output Voltage Low 

Iqut “ 10mA 


03 

0.4 

V 

Iqjjj = 200mA 


1.2 

2.2 

V 

Output Voltage High 

Iqut = -20 mA 

13 

13.6 


V 

Iqut “ -200 mA 

12 

13.4 


V 

Output Voltage Low in UVLO 

Iqut = 5mA, V^^ “ 


03 

0.8 

V 

Output Rise/Fall Time 

Cl = lOOOpF 


50 


nS 

Under-Voltage Lockout 

Start-up Threshold 


15 

16 

17 

V 

Shut-Down Threshold 


9 

10 

11 

V 

Vref Good Threshold 



4.4 


V 

Total Device 

Supply Current 

Start-up, Vcc = 14V 


•9 

1.5 

mA 

Operating 


20 

30 

mA 

Internal Shunt Zener Voltage 

Ice = 30mA 

25 

30 

34 

V 


Note 1: This parameter not 100% tested in production but guaranteed by design. 

Note 2: is raised above the Start-up Threshold first to activate the IC, then returned to 15V. 
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FUNCTIONAL DESCRIPTION 

OSGILLATOR 

The ML4813 oscillator charges the external capacitor 
(Cj) with a current (Iset) equal to 5/Rset- When the 
capacitor voltage reaches the upper threshold, the 
comparator changes state and the capacitor discharges 
to the lower threshold through Q1. While the capacitor 
is discharging, Q2 provides a high pulse. 

The Oscillator period can be described by the 
following relationship: 

Tqsc = Tramp + Tdeadtime 

where: 

Tramp = C (Ramp Valley to Peak) Iset 

and: 

Tdeadtime = C (Ramp Valley to Peak) 

( 8 . 4 mA - Iset) 

A pulse of a duration shorter than Tdeadtime fforn an 
external frequency source set to a higher frequency 
than fosc can be applied to pin 10 to synchronize the 
oscillator. R(SYNC) and G(SYNC) shorten longer pulses. 

EXTERNAL CLOCK 

TaSVNO SYNC -“I 


(p'stT 4 

EIH'-- 

1 ()8.4mA 

1 

1 Ot^ v 

Q2 

CLOCK 

1^' 

[1 


CLOCK 1 

Td-^I 

K 




Figure 1. Oscillator Block Diagram 


20 30 50 100 200 300 500 

fosc OSCILLATOR FREQUENCY (KHz) 

Figure 2. Oscillator Timing Resistance vs. Frequency 


OUTPUT DRIVER STAGE 

The ML4813 Output Driver is a 1A peak output high 
speed totem pole circuit designed to quickly drive 
capacitive loads, such as power MOSFET gates. 


SOURCE SATURATION 


(LOAD TO GROUND) 




0 200 400 600 80( 

lo, OUTPUT LOAD CURRENT (mA) 

Figure 3. Output Saturation Voltage vs. Output Current 
ERROR AMPLIFIER 

The ML4813 error amplifier is a high open loop gain, 
wide bandwidth, amplifier. 



Figure 4. Error Amplifier Configuration 



L.^_ 


— 

\ 

\ 1 
^vGAIN 

V.^ _ 



















Vcc *15V 

Vo = l.OV TO 5.0V_ 
Rl = 100K 
Ta = 25'’C 


10 100 1.0K 10K 100K 1.0M 10M 

f, FREQUENCY (Hz) 

Figure 5. Error Amplifier Open-Loop Gain and Phase 
vs. Frequency 
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UN-COMMITTED OP^P 

The ML4813 contains an un-committed op-amp which 
is normally configured as a differencing amplifier to 
sense the output voltage. The output voltage in the 
flyback configuration is not ground referenced. The op- 
amp in the ML4813 is a PNP input amplifier similar to 
the LM324 but with an open emitter output stage (class 
A). 

UNDER VOLTAGE LOCKOUT 

On power-up the ML4813 remains in the UVLO 
condition; output low and quiescent current low. The 
IC becomes operational when Vcc reaches 16V. When 
Vcc drops below 10y the UVLO condition is imposed. 
During the UVLO condition, the 5V Vref P'^ is "off", 
making it usable as a "flag" for starting up a down¬ 
stream PWM converter. 




















— 













Ta = 

25°C 













10 20 30 

VCG SUPPLY VOLTAGE (V) 


Figure 8. Total Supply Current vs. Supply Voltage 



Figure 6. Under-Voltage Lockout Block Diagram 



Iref, reference source current (mA) 


Figure 7. Reference Load Regulation 


APPLICATIONS 

The ML4813 is used to implement a discontinuous 
mode flyback (buck-boost) power factor regulator. This 
topology is particularly well suited for low power 
applications such as: fluorescent ballasts; and low power 
switching supplies. Also it is a useful topology when 
there is a requirement for the output voltage to be 
lower than the peak input voltage, or where an isolated 
output is required. This is not possible with the boost 
topology, where the output voltage must always be 
higher than the maximum peak of the input voltage 
range. The typical input range for the flyback power 
factor regulator is from 90 VAC to 260 VAC. 

The regulator operates in the discontinuous inductor 
current conduction mode. The inductor energy stored 
during the "ON" time of the power switch Q is 
completely delivered to the output capacitance during 
the "OFF" time. At steady state conditions, the inductor 
current at the beginning of the "ON" time starts to 
ramp-up from 0 Amps to a value that is determined by 
the instantaneous value of the input full wave rectified 
voltage; the "ON" time as it is set by the error amplifier 
and the PWM comparator; and finally by the inductor 
Itself (L). 



Figure 9. Block Diagram of the Regulator 
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The expression for the inductor peak current is given 


Il(^) 


V|N(^)tON 


( 1 ) 


Where: 

Il(^) = The instantaneous peak inductor current. 

tON = Power switch "on" time. 

V|n(^) = Vp sin 6 = Instantaneous Input Voltage. 

Vp = Input Peak Voltage. 

Figure 10, is a diagram of the relationship between the 
low frequency envelope and the high frequency 
inductor current. Note that for clarity the scale between 
the two waveforms has not been preserved. Normally 
for 60Hz input line and lOOKHz switching frequency, 
each half of the sine wave contains approximately 833 
high frequency triangular waveforms. 



-- INDUCfOR CURRENT—•^•■• SINUSOIDAL PEAK ENVELOPE 

--SWITCH CURRENT ——AVERAGE CURRENT 


Figure 10. Switch and Line Currents in the 
Flyback PFC Circuit 

The envelope of the peaks of the switch current, which 
in this case represent the current drawn from the input 
source, have a sinewave shape. This relationship is 
shown as: 

Il(6 >) = Ip sin d (2) 

Combining (1) and (2) the foHowing useful relationship 
is obtained: 

Note that V|n( 0) = Vp sin 6, and also Vp = \/2 Vrms- The 
average value of the input triangular current is: 

•avg(^)="^ Ip sin 0 (4) 

Where: 


UvG = Average value of the switch current. 
This is the value of the current at the Input of 
the regulator after filtering. 
toN = Switch "on" time. 

T = Period of the switch cycle. 


Substitution of (3) into (4) yields. 

L Ip2 


•avg(^) ' 


2.828 T Vrms 


sin 6 



Equation (5) clearly shows that the average value of the 
switch current Is sinusoidal and in phase with the input 
voltage. The peak value of the average current is: 

L Ip^ 

IavqpeAk) = r—CTTT:- sin 6 (6) 


2.828 T Vrms 


Also: 


UVG(PEAK) = 


V2P|n 


Vrms 

Solving equations (7) and (6) for Pin: 

PiN= - L Ip2 f 
4 


(7) 


( 8 ) 


For optimum performance and the lowest inductor 
peak currents, the inductor current should be at the 
verge of continuity at the lowest operating voltage 
point and at full load. The above can be satisfied if: 


^ V|N VqUT 
f L(V|n + Vqut) 

Where: V|n = \/2 x V|n min (RMS) 


(9) 


Finally (8) and (9) can be combined to derive an upper 
bound for the inductor value that will guarantee that 
the regulator always stays in the discontinuous mode of 
operation. If the regulator were to operate In the 
continuous mode the average input current would not 
be Sinusoidal. 


V|N Vqut 

2\/f P|N (V|N + Vqut) 


( 10 ) 


FLYBACK INDUCTOR CALCULATION 

Equation (10) gives the upper bound for the inductor 
value for any set of specified operating conditions. 
Normally a few Iterations may be required, for finalizing 
the value. The reason for this is that equation (10) does 
not contain parameters to correct for second or third 
order effects. All this means that a good Initial value for 
the inductor Is probably 10 to 20% lower than the value 
calculated by the right hand side expression in (10). 

Several core materials are candidates for the inductor, 
such as: powder iron cores, gapped ferrites, moly 
permalloy cores, etc. In th^ application that will be 
described later, a gapped ferrite core is used. 

There are no particular restrictions on the inductor 
except that the inductance is of correct value and the 
losses are acceptable. 


INPUT BYPASS CAPACITANCE 

The triangular high frequency current is bypassed by 
the input capacitbr (C|) labeled Cj in Figure 12. This is a 
high quality film capacitor with low ESR value for 
minimum losses and heating. A polyester, 
polypropylene or x-type (for line side) is a good 
candidate. Typical values, depending on the power 
level, can range anywhere from 0.33//F to ^.5nh The 


%,l\/l 
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next filtering stage of the RFI filter which has an 
inductor as input isolates C 7 from the other capacitors 
which may be present at the input circuit. Note that C| 
(C 7 ) can be on either side of the bridge rectifier. The 
preferred location for low crossover distortion is at the 
input side. The voltage ripple across this capacitor is: 


\/ _ / P|N x/2 P|N 

” C|f V Lf ~ C|f V|N 


( 11 ) 


Where: 


Vqp-P) = Peak to peak worst case high 
frequency capacitor voltage. 

D = Switch Duty Cycle. 

Therefore the RFI filter that follows has to be able to 
attenuate Vc(p_p) to the levels set by the relevant 
regulatory specifications. 

INPUT TRANSIENT OVERVOLTAGE PROTECTION 

Careful examination of the power circuits reveals that 
there is no large capacitance at the input of the 
regulator. The only capacitances present are the RFI 
filter capacitors. These capacitors have a combined 
value in the range of a couple of microfarads. Thus 
their ability to absorb and minimize any line induced 
transients is almost non existent. Transients can occur 
also under sudden load removal. If the line impedance 
is inductive, hazardous drain source voltages may be 
generated leading to the destruction of the power 
switch. To keep this from happening a transient over¬ 
voltage protection device should be chosen such that 
enough safety margin is allowed for the power switch. 
A good rule of thumb is: 

BvDSS > VzA + VouT(OVP) (12) 

Where: 


PvDSS = Drain-Source breakdown voltage for 
the FET. 

VzA = Activation or clamping voltage of the 
over-voltage transient protector. 

VouT(OVP) = Maximum output voltage. This is 
set by the OVP function of the controller, and 
will be covered later. 

THE OUTPUT CIRCUIT 

The output circuit for this topology, although it is non¬ 
isolated, does not share the same ground with the 
power circuit. Therefore connecting the two grounds 
with the measuring leads of instruments should be 
avoided. This is a common mistake especially with the 
oscilloscope leads. 

The output voltage "rides" on the input voltage when 
the (+) output is measured with respect to PGND 
(figure 11 ). 

The extra OP-AMP provided in the ML4813 is used to 
sense the output voltage for regulation and over 
voltage conditions. This op-amp is connected as a 
difference amplifier with its output referenced to 
PGND. Resistors RH1, RFI2, RL1, RL2 are used to scale 
down the voltage. 



Figure 11. Output Voltage with Respect to PGND 

Normally RH1 = RH2 = RH and RL1 = RL2 = RL. Then 
the voltage designated as Vs In Figure 9 is given by: 

RL 

Vs = VouT- (13) 

RH + RL 

OUTPUT CAPACITANCE 

The output capacitance should be calculated such that 
it has the required output ripple at the worst case 
operating point. In addition the ESR should be 
sufficiently low to prevent dissipation due to RMS 
currents. The first criterion can be met by choosing the 
value of the output capacitor based on the following: 

P|N 

C >-- (^4) 

27rfL AVr Vqut 

Where: 


C = Total output capacitance. 

PiN = Total input power. 

AVr = Peak output capacitor ripple voltage. 
VouT = Output Voltage. 

4 = Line Frequency times 2 (120 for 60Hz line). 

The second criterion for the selection of the output 
capacitor can be satisfied by choosing a component 
with adequately low ESR value, that can safely bypass 
the RMS currents. 

OUTPUT DIODE 

The output diode can be a "fast" or ultrafast" type 
depending on the operating frequency. Reverse 
recovery losses are low since at steady state and under 
normal operating conditions the regulator operates in 
discontinuous current mode. The diode should be 
rated to handle the output current. The resulting power 
dissipation will be the forward drop of the diode times 
the output current. 

POWER SWITCH 

If a power FET is used, it should be sized for the 
required efficiency. Lower Rds(ON) devices will yield 
lower losses, but if they are operated at high 
frequencies (lOOKHz) higher charge dumping losses (1/2 
Cds Vqs^ f) will be experienced. The RMS current value 
through the power FET and the sensing resistor is: 
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/ L Ip3 ii l~r kiT 

Where: 

Irms = Total RMS current through the power 
FET and sense resistor. 

ii = Line Frequency times 2 (120 for 60Fiz line), 
r = %WITCH/fL- 


Table 1 is provided to assist in calculating (15) above. 
When the power switch is a bipolar transistor (constant 
VcE drop) then the power dissipation produced can be 
calculated by using (16): 


0.9 Pin 
Vrms 


VcE 


(16) 


Where: 

Pd = Power dissipation by the transistor 
(conduction losses). 

Vrms RMS value of the minimum 
input voltage. 

VcE = Collector Emitter forward drop of 
the power transistor. 


OFF-LINE START-UP AND BIAS SUPPLY GENERATION 

A fast starting circuit is shown in figure 12. MOSFET Q2 
quickly charges the IC's Vcc capacitor (C8) when the 
supply is initially turned on. This allows the supply to 
come on less than 1 second after AC power is applied. 
A simpler start-up circuit may be used which replaces 
the active circuit with a 39KQ 2W resistor but starts 
more slowly (up to 15 seconds under low line 
conditions). Systems which do not require quick 
starting can reduce cost with the latter start-up method. 


fsWITCH 

(KHz) 

r 

/ r . kTT 
\r^sin^ — 

Vk = 1 r 

20 

167 

9.1 

30 

250 

11.2 

40 

333 

12.9 

50 

417 

14.4 

60 

500 

15.8 

70 

583 

171 

80 

667 

18.3 

90 

750 

19.4 

100 

833 

20.4 

110 

917 

21.4 

120 

1000 

22.4 

130 

1083 

23.3 

140 

1167 

24.2 

150 

1250 

25.0 : 

160 

1333 

25.7 

170 

1417 

26.5 

180 

1500 

27.3 

190 

1583 

28.0 

200 

1667 

28.9 


Table 1. Figures for Calculating Irms (^•15) 


POWER FACTOR ENHANCEMENT 

Some combinations of line and load may exhibit 
distortion of the input current waveform. This distortion 
is usually caused by the inductor "ringing" with the 
Cqs of tbe power MOSFET, resulting in a non-zero 
inductor current at the beginning of the next cycle. 

This ringing can be dampened by using R2 and D7 in 
figure 12. Applications which can get by with slightly 
worse power factor can eliminate these components. 

ADJUSTING THE OUTPUT VOLTAGE 

The error amplifier creates an error voltage from the 
difference between the output voltage presented on 
pin 6 and the 5V internal reference. Since the output 
voltage is not ground referenced, the ML4813's internal 
op-amp is connected as an instrumentation amplifier 
(figure 13). 

The output voltage is set by a combination of resistors 
which determine the relationship between (VouT”^ - 
VouT-) snd the output of the op-amp (pin 6). For the 
following discussion, R15' = R15 + R16 and R14' = R14 + 
R13. The differencing amplifier operation depends on 
the following relationships: 

R15' = R14' 
and 

R12 = R25 + (R18 |1 R17) 


R12 


VoUT+ 


VOUT- 


R18 



Figure 13. Ground Referencing the Output Voltage 

Then: 

_ I 5V X R18 \ / R15^. I / R14^ . \ 

1 R17 + R18 / ’ R15' + R25 M R12 ^ / 

Since R25 is a low value compared to R15', the second 
term reduces to approximately 1. The third term is set 
at approximately 200. Therefore the above equation 
reduces to: 

I R18 \ 

VouT = 1000 X -^ 

\ R17 + R18 / 

The over voltage comparator has a threshold that is set 
for 1.12 X Vqut when pin 5 and pin 6 are connected 
directly. Figure 14 shows the connection for setting an 
OVP trip point higher than 1.12 x VquT/ where: 
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Figure 14. Setting OVP for a Vqvp > f-12 x Vqut 



Figure 15. Setting OVP for a Vqvp < 1*12 x Vqut 

Figure 15 shows OVP set for a voltage lower than 1.12 x 
VouT where: 

/ RD + R24 \ 

Vqvp = 1-12 X Vqut ^ ^ ) 

INDUCTOR INFORMATION 

L3 is the flyback inductor and also provides the 
operating power for the control circuitry. A gapped 
ferrite pot core was chosen for this application for it's 
modest high frequency losses with high ripple current 
operation. Some possible choices are: 


Manufacturer 

Part # 

Total Gap 

Np 

Magnetics Inc. 

F43019 

.05" 

32 

Ferroxcube (Phillips) 

3019 PL00-3F3 

.05" 

32 

Ferroxcube (Phillips) 

3019 PA125-3C8 

.07" 

38 


The first 2 cores are sold ungapped and require the 
use of a .025" spacer to gap the center leg to yield a 
total gap length of .05". If an ungapped core is used, a 
"shorted tui^n" should be employed as shown below 
(figure 16) to prevent radiated EMI. The third core listed 
is sold with its center leg pre-gapped (.07" total), hence 
the outside of the core closes completely providing 
shielding without the shorted turn being ,required. Ns 
should be 3 turns. All windings #24AWC wire. 

LI and L2 inductors are constructed using a powdered 
iron. This is a suitable material for these inductors since 
the high frequency ripple currents (and resulting flux 
excursions) are much less severe than for L3. The core 
selected is: 


SHORTED TURN 
(COPPER FOIL) 


SPACER 

.025" 


Figure 16. Construction of EMI Shield for Ungapped Cores 


Manufacturer Part tt Turns 

MicroMetals T68-26D SOT #24AWG 


COMPONENT 

DESCRIPTION 

Cl, C2 

0.68//F, 630V 

C3, C5, C6 

.01/2F, 1KV 

C4 

330//F, 250V 

C7 

tOOOpF, 50V 

C8 

1000//F, 16V 

C9 

l/iF, 50V 

CIO 

6800pF, 50V 

C11, C14 

0.1//F, 50V 

C12 

4.7/2F, 50V 

C13 

0.2^F, 50V 

D1 thru D4 

1N5406 

D5, D8 

1N4148 

D6, D7 

MUR460 

D9 

22V Zener, 1/4 W 

FT 

3AC, 3A, 250V 

Heat Sink 

Thermalloy 6398-U-P3 

LI, L2 

500//H, 1.5A RMS 

L3 

160//H, 5A peak 

Q1 

MTH8N60 

Q2 

IRF821 

Q3 

2N2222 

R1 

220Kn 

R2, R19, R20 

4.3Kn 

R3 

10O 

R4 thru R9 

in 

R10 

100O 

R11 

1.8KO 

R12 

4.02KO, 1% 

R13 thru R16 

402Kn, 1% 

R17 

8060, 1% 

R18 

2oon 

R21 

510Kn 

R22, R23 

2Kn 

R24 

lOOKn 

R25 

3.83KO, 1% 

U1 

ML4813CP 

VR1 

TNR12G431KM 


Note: All resistor values 1/4 W ± 5% unless otherwise specified. All 
capacitor values ±10% unless otherwise specified. 


Table 2. Component Values for Figure 8 
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ORDERING INFORMATION 


PART NUMBER 

TEMPERATURE 

RANGE 

PACKAGE 

ML4813CP 

OX to +70X 

Molded DIP (P16) 

ML4813CS 

OX to +70X 

Molded SOIC (S16W) 
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Zero Voltage Switching Resonant Controller 


GENERAL DESCRIPTION 

The ML4815 is designed to facilitate zero-voltage 
switched (ZVS) resonant converters requiring constant 
off-time and variable on-time control. Since the power 
MOSFET is turned on at zero voltage in ZVS resonant 
converters, power dissipation due to charge-dumping 
of the MOSFET drain-source capacitance is eliminated, 
allowing high frequency operation and power density 
to be maximized. MOSFET parasitic drain-source 
capacitance can also be used as part of the resonant 
circuit, minimizing component count. 

The ML4815 features a monostable multivibrator for 
precise off-time setting. The on-time is modulated 
through a ramp comparator in a manner similar to 
PWM converters. Either current-mode control with 
maximum on-time clamp or voltage-mode control with 
input feedforward can be selected. 

ML4815 supports pulse-by-pulse (peak) current limiting 
as well as "hiccup" mode for fault protection. The 
controller is designed for operation up to 2MHz. 
ML4815 also includes a wide band error amplifier and 
a high peak current output driver which minimizes 
cross-conduction current. 


FEATURES 

■ Supports Single-Switch ZVS Resonant Topology 
with Minimal External Components 

■ Ideal for Simple, High Density DC to DC 
Converters 

■ Small Converter Frequency Variation from No-Load 
to Full-Load 

■ High Current (2A Peak) Totem-Pole Output Drive 
with Low Cross Conduction 

■ Precision Buffered 5.1V Reference (+2%) 

■ Wideband (5.5MHz), High Slew Rate (12V///S) Error 
Amp. 

■ Under-Voltage Lockout with Low Current Start-Up 

■ Integrating Fault Detection/Soft-Start Reset 


BLOCK DIAGRAM (Pin out shown is for 16-pln DIP) 
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PIN CONNECTIONS 

ML4815 
16-Pin DIP 



16- 

-PIN DIP 


INV [ 

1 

16 

] Vref 5.1V 

Nl [ 

2 

15 

] Vcc 

E/A OUT [ 

3 

14 

]vc 

RAMP [ 

4 

13 

H PGND 

KLIM) [ 

5 

12 

] OUT 

RdCt [ 

6 

11 

'2 GND 

Rc[ 

7 

10 

2 RC (RESET) 

[ 

8 

9 

2 SOFT START 


TOP VIEW 


ML4815 
20-Pin PCC 


INV REF 
NV I NC I Vcc 



TOP VIEW 


Vc 

NC 

PGND 

OUT 

NC 


PIN DESCRIPTION 


PIN tt 

1 

2 

3 

4 


5 

6 

7 

8 


NAME _ FUNCTION 

INV Inverting input to error amp. 

Nl Non-inverting input to error amp. 

E/A OUT Output of error amplifier and 
input to main comparator. 

RAMP Non-inverting input to main 

comparator. Connected to pin 8 
for feedforward voltage-mode 
control or to pin 5 for current¬ 
mode control. 

I(LIM) Current limit sense pin. Normally 

connected to current sense resistor. 

RqCt Off-time setting capacitor and 

resistor. 

Rc Resistor to pin 6 to limit Cj 
charging rate. 

FF Capacitor to generate feedforward 

ramp. 


PIN # 

NAME 

FUNCTION 

9 

SOFT START 

Normally connected to Soft Start 
Capacitor and charging resistor. 

10 

RC (RESET) 

Timing Capacitor for over-current 
integration and restart-delay. 

11 

GND 

Analog Signal Ground. 

12 

OUT 

Fligh Current Totem pole output. 

13 

PGND 

Return for the Fligh Current 

Totem pole output. 

14 

Vc 

Positive Supply for the High 
Current Totem pole output. 

15 

Vcc 

Positive Supply for the 1C. 

16 

5.1V REF 

Buffered output for the 5.1V 
voltage reference. 
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ABSOLUTE MAXIMUM RATINGS 

Absolute maximum ratings are those values beyond which the 
device could be permanently damaged. Absolute maximum 
ratings are stress ratings only and functional device operation 
is not implied. 


Supply Voltage (Pins 14, 15) .. 30V 

Output Current, Source or Sink (Pin 12) 

DC . 0.5A 

Pulsed (0.5^fs) . 2A 

Analog Inputs (Pins 1, 2, 4, 5, 8, 9, 10) .. -0.3V to 6V 

Error Amplifier Output Current (pin 3) . -5mA 

Soft Start Sink Current (Pin 9) ... 100mA 

Feedforward Sink Current (Pin 8) ..... 80mA 

Cj Charging Current (Pin 7) . -50mA 


junction Temperature 

ML4815C . 125‘’C 

Storage Temperature Range .. -65°C to +150®C 

Lead Temperature (Soldering 10 sec) . +260°C 

Thermal Resistance (0 ja) 

Plastic DIP . eS^C/W 

Plastic Chip Carrier (PCC) .. 60°C/W 


OPERATING CONDITIONS 

Temperature Range 

ML4815C . 0°C to 70°C 


ELECTRICAL CHARACTERISTICS 

Unless otherwise noted, these specifications apply for Cj = 330pF, = lOOQ, Rq = 2KQ, Vcc = 15V, 

Ta = Operating Temperature Range. Pin numbers refer to 16-pin DIR 


PARAMETER 

CONDITIONS 

MIN 

TVP 

MAX 

UNITS 

Reference Section 

Output Voltage 

Tj = 25‘’C, lo = 1mA 

5.00 

5.10 

5.20 

V 

Line Regulation 

10V < Vcc < 30V 


2 

20 

mV 

Load Regulation 

1mA <lo< 10mA 


5 

20 

mV 

Temperature Stability 

-55°C < Tj < 125°C, (note 1) 


.2 

.4 

% 

Total Variation 

line, load, temp (note 1) 

4.95 


5:25 

V 

Output Noise Voltage 

10Hz to lOKHz 


50 


//V 

Long Terrn Stability 

Tj = 125°C, 1000 hrs, (note 1) 


5 

25 

mV 

Short Circuit Current 

Vref = OV 

-15 

-50 

-100 

mA 


Error Amplifier Section 


Input Offset Voltage 




20 

mV 

Input Bias Current 



.6 

3 

M 

Input Offset Current 



.1 

1 

M 

Open Loop Gain 

1 < Vo <4V 

60 

96 


dB 

CMRR 

1.5 < VcM < 5.5V 

75 

95 


dB 

PSRR 

12 < Vcc < 25V 

■ 75 

110 


dB 

Output Sink Current 

VpiN 3 = IV 

1 

2.5 


mA 

Output Source Current 

VpiN 3 = 4V 

-.5 

-1.3 


mA 

Output High Voltage 

IpiN 3 ~ —0.5mA 

4.0 

4.7 

5.0 

V 

Output Low Voltage 

IpiN 3 - 1mA 

0 

0.5 

. i-o.. 

V 

Unity Gain Bandwidth 

(note 1) 

3 

5.5 


MHz 

Slew Rate 

(note 1) 

6 

12 


V//iS 


RAMP Comparator Section 


Pin 4 Bias Current 

VpiN 7-0 


-0.7 



Pin 3 Zero DC Threshold 

VpiN 2 = 2V, VpiN 1 = VpiN 3 

VpiN 5 = 0, VpiN 6 = 1.5V 1 

VpiN 8 = 2V 

1.05 

1.20 

1.55 

V 

Delay to Output 

Cl = 0, (note 1) ! 


55 

' 

ns 
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ELECTRICAL CHARACTERISTICS (Continued) 

Unless otherwise noted, these specifications apply for Cj = 330pF, Rc = 100O, Rp = 2K0, Vcc = 
Ta = Operating Temperature Range. Pin numbers refer to 16-pin DIR 


PARAMETER 

CONDiTiONS 

MIN 

TYP 

MAX 

UNITS 

Current Limit Comparator 

Pin 5 Input Bias Current 

0 < VpiN 5 < 4V 


2 


UA 

Current Limit Threshold 



1.41 


V 

Hysteresis 


1 

30 


mV 

Delay to Output 

^piN 10 “ Cl = 0 (note 1) 


50 

_ 1 

ns 


One-Shot Section 


Off-Time Initial Accuracy 

Cl = 0, Ta - 25^C 


0.45 


fJS 

Off-Time Voltage Stability 

Cl = 0, 12V < Vcc < 25V 


5 


% 

Off-Time Temperature Stability 

Cl = 0 (note 1) 

j 

5 


% 

Off-Time Total Variation 

Cl = 0, line, temp (note 1) 


6 


% 


Feedforward/Maximum On-Time Clamp Section 


Discharge Current 

VpiN 8 = 2.5V 


30 


mA 

On-Time Initial Accuracy 

CfF = 330pF, Rff = 2.7KQ to Vref, 
Cl = 0 

' 

1.0 


fJS 


Shutdown/Restart Section 


Pin 10 Charging Current 


1 

-250 


M 

Overload Shutdown Threshold 



2.3 


V 

Restart Threshold 


_1 

1.1 


V 


Soft-Start Section 


Input Bias Current 

VpiN 9 “ 4V 


1 


M 

Discharge Current 

VpiN 9 = IV 


25 


mA 


Under-Voltage Lockout Section 


Start Threshold 

-1 


13.4, 


V 

UVLO Hysteresis 



3.6 


V 


Output Section 


Output Low Level 

Iqut “ 20mA 


0.25 

0.40 

V 

Iqui ~ 200mA 


1.2 

2.2 

V 

Output High Level 

Iqut ■ -20mA 


13.0 


V 

•out = -200mA 


12.7 


V 

Rise/Fall Time 

Cl = InF (note 1) 

“i 

30 


ns 


Supply Current 


Start Up Current 

.. 

Vcc = 8V, Tj = 25°C 

Vcc = 8V, Tj = -40°C 


2.0 

2.5 

3.0 

3.5 

< < 
E E 

Operating Icc 



28 

38 

mA 
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FUNCTIONAL DESCRIPTION 

ML4815 PRINTED CIRCUIT BOARD 
lAYOUT CONSIDERATIONS 

High speed circuits demand careful attention to layout output pin will serve this purpose. 3) Bypass Vco Vq 
and component placement. To assure proper and Vr^p. Use 1/uF monolithic ceramic capacitors for 

performance of the ML4815, follow these rules: 1) Use a V^c and Vc with low equivalent series inductance, 
ground plane. 2) Damp or clamp parasitic inductive Allow less than 1 cm of total lead length for eacH 

kick energy from the gate of driven MOSFET. Don't capacitor between the bypassed pin and the ground 

allow the output pins to ring below ground. A series plane. 4) Treat the off-time setting capacitor, Gj, like a 

gate resistor or a shunt 1 Amp Schottky diode at the bypass capacitor. 

ERROR AMPLIFIER CIRCUIT 


Simplified Schematic 



100 IK 10K 100K 1M 10M lOOM 
FREQ (Hz) 
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CONTROL METHODS 

In current-mode control, the current transformer modulating ramp. The on-time can be clamped to a 

output is fed into the RAMP comparator input. The maximum by using Rpp and Cpp as shown, 

current-sense waveform is used as the on-time 

Current-Mode Control with Maximum On-Time Clamp 



In feedforward voltage-mode control, the on-time is the time taken to charge Cpp to 3.7V. Since the 

modulating ramp is generated with an external charging current depends on Vin, the resulting 

capacitor Cpp from pin 8 to the ground. Cpp is charged maximum on-time varies with Vi^. 
through an external resistor Rpp. The maximum on-time 

Feedforward Control 
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OUTPUT SECTION 

Totem-Pole MOSFET Drive with Reduced Cross-Conduction 




0 40 80 120 160 200 

TIME (ns) 



0 100 200 300 400 500 

TIME (ns) 


When driving power MOSFET's with high equivalent 
gate capacitance (Cq > 3nF), it is advisable to use an 
external 1N4148 diode between Vcc and Vc pins (figure 
above) to reduce extra power dissipation caused by 
slow turn-off of Qj. In this case both Vcc and Vc pins 
should have bypass capacitors (C = 1/yF) as close as 
possible to the IC pins. 



0.01 0.03 0.1 0.3 1 3 10 


VoL Curve 
















7L 





j 


_ 

1 




J\ 



_! 




□ 


_ 



0 0.5 1.0 1.5 

lOUT (A) 


Vqh Curve 



12 I_^^_I_^_1_L—tiU 

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 


•out (A) 


f iv.u Cl (nF) 

T = 1MHz 
Tj = 150'-C 

Ic = TOTEM-POLE DRIVER CURRENT 
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ONE-SHOT 

The figure below shows the detailed block diagram of 
the one-shot. The one-shot is programmed with 
external resistors Rq Rq and capacitor Cj. Assuming 
that CLK is low and Q 2 conducts Initially, the timing 
capacitor Cj is charged to 4V through Rc Q 3 . This 
corresponds to the switch conduction cycle (on-time). 
When either the feedforward ramp or the sensed 
current signal exceeds the error amplifier output 
voltage, a trigger pulse is sent to the one-shot, setting 
the R-S latch X 2 and disabling Q 3 . Cj is immediately 
discharged through Rq until Cj voltage reaches the 
lower threshold (2V) of the Schmitt-trigger X^. At this 
point, X'l output goes high, resetting X 2 . Qi turns off, 
allowing Q 3 to recharge Cj to 4V. This time Interval 
corresponds to the switch off-time. Since the off-time is 
simply the discharge time of Cj, one can express 

Toff = 0-69 RqCj 


Block Diagram of the One-Shot 


Timing Diagram of the One-Shot 

EAO 
RAMP 
1.25V 



The purpose of Rq is to slow the charging transient of 
Cj in order to widen the internal reset pulse. Rc is 
usually chosen such that the following inequality is 
satisfied. 


Toff vs Rp 
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CONSTANT ON-TIME ClAMP (In Current-Mode Only) 

Constant On-Time Clamp 


I 



In current-mode control the maximum on-time can be 
clamped by using the comparator (figure above). The 
internal transistors Qi, Q 2 and diode D 2 discharges Cpp 
to approximately Vbe- The time taken to charge Cpp 
I ^REF ^ 0.488 Vre \ 

from Vbe to Vbias = ~—-j sets the 

maximum on-time. The diode compensates the Vbe 
dependent Cpp valley voltage. It can be shown that 

Ton(MAX) 1-1^5 Rpp Cpp 

and Ton(MAX) is relatively independent of temperature. 


Ton vs Rpp 



Rff (KO) 


6-66 


M^Micro Linear 










ML48T5 


CURRENT-LIMITING, OVERLOAD SHUTDOWN AND FAUD MANAGEMENT 

Overload Protection and Fault Management 



ML4815 features a unique overload protection scheme. 
The power transistor current is compared with the 
current-limit threshold (1.4V) of X 3 . When the sensed 
current exceeds this threshold, the one-shot Is triggered 
and the R-S latch X 4 is set. The one-shot blanks the 
gate drive and X 4 turns on the current source Ip. The 
external capacitor Crq, which is normally fully 
discharged, is charged towards an overload threshold of 
2.3V. The packet of charge delivered to Crd in each 
over-current cycle is Ip x Tqff (figure below). X 4 is reset 
after the off-time elapses. If output short is removed 
before Crd reaches the overload threshold, Crq will be 
discharged through Rrd and normal operation will 
resume. Under persistent output short circuit, Crq Is 


charged until it reaches 2.3V. The gate drive is 
Immediately terminated and the soft-start capacitor is 
discharged. Crd then discharges through Rrd towards 
the restart threshold (1.1V). Gate drive remains off until 
Crd is discharged below 1.1V. The time taken for Crd 
to discharge to the restart threshold is the restart-delay 
time. This delay reduces the average power delivered 
to the load during overload, thus protecting both the 
load and the controller. If overload persists, the 
controller will continue to hiccup until the cause of 
overload Is removed. The controller undergoes soft-start 
at each restart. The overload shutdown and restart 
sequence for a converter with non-bootstrapped power 
supply Vcc is illustrated in figure. 


Current Limiting Overload Shutdown and Restart Sequence 
(Non-Bootstrapped Operation) 
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For a bootstrapped converter (where controller Vcc is 
obtained from an auxiliary winding of the main 
transformer), overload shutdown causes both the 
converter output and the controller Vqc fo collapse. 
Undervoltage lockout (UVLO) is activated and the on- 
chip bandgap reference is disabled. ML4815 dissipates 
only 2mA of supply current during shutdown. Since 

Simplified Vcc Bootstrapping Scheme 


LR 



•bleed is higher than the start-up current, Gs will be 
charged towards the UVLO start threshold. When this 
happens, the entire controller becomes operational 
except that the gate drive remains off. Ice jumps to its 
full operational value. Since Vcc bootstrapping is not 
yet available. Ice will discharge Cs below the UVLO 
stop threshold. The on-chip reference will again be 
disabled with the controller supply current reduced to 
2 mA. I bleed will again charge Cs towards the UVLO 
start threshold. The process repeats until Crd is 
discharged below the restart threshold. The shutdown 
and restart sequence Is illustrated with the timing 
diagram below. 


Overload Shutdown UVLO and Restart Sequence 
(Bootstrapped Operation) 
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OPEN LOOP LABORATORY TEST FIXTURE 



- 


16 

2 


15 

3 


14 

4 

ML4815 

13 

5 


12 

6 


11 

7 


10 

8 


9 


vcc ? 


0.1yuF:± :ilO/uF 
PGND ■=■ 


SOFT X 
START 


SCHEMATIC OF THE SOW ZVS DC/DC CONVERTER 


Y'N 1/2 MBR20100 ^fjf, 50V CERAiV 

T ^NSI 3 ^ 

470A/F:i:a0 NP 3 tNS21 1 CIsicMicisic 


80 T2 
riN4148 ^ I 


J 

-1 1/2 MBR20100 


R1 75K 

-Wv—J-- 

IlnF'T' 


-r-h ^ ■ 

■::ka L_ 2 15- 

1-3 14 . 

"-4 13 J 

-5 12 ^ 

- 6 11 - 

—WV- 7 10 - 

R2 too,-f- 8 9 - 


^R3 _LlnF ; 
rr S4.9K-r 


' 2-3K To.IwF TiO/uF 5140K 
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ORDERING INFORMATION 


PART NUMBER 

TEMPERATURE 

RANGE 

PACKAGE 

ML4815CP 

O^C to +70°C 

Molded DIP (PI6) 

ML4815CQ 

0°C to +70°C 

Molded PCC (Q20) 
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ML4816 


High Frequency Multi-Mode Resonant Controller 


GENERAL DESCRIPTION 

The ML4816 controller 1C is suitable for a wide range 
of resonant converter topologies. This controller can 
be used with Zero Current Switched (ZCS) Quasi 
Resonant Converters (QRC) requiring constant on-time 
and modulated off-time, as well as frequency 
modulated converters such as Series Resonant 
Converters operating above resonance. 

The ML4816's oscillator features independent control of 
charging and discharging currents (on-time and off- 
time). Output frequency can be obtained either 
proportional or inversely proportional to the controlling 
voltage. In addition, both upper and lower frequency 
limits (fMiN and f/viAx) can be independently set. 

Both pulse-by-pulse and DC current limiting are 
provided for. Overload protection (shutdown) is 
triggered after a programmable delay time. Restart after 
overload shutdown can be delayed by a programmable 
time. Internal logic disables the gate drive until the 
oscillator is stable. 


The ML4816 includes under-voltage lockout with 6V 
hysteresis and high current high speed totem pole 
output drivers for high speed drive of external 
MOSFETs. 

FEATURES 

■ Supports Zero Current Switched (ZCS) Quasl- 
Resonant Converters 

■ Supports Series Resonant (ZVS) converters 
operating above resonance 

■ Wide oscillator frequency range 

■ Programmable f/viiN ^i^cl f/vtAX I inn its 

■ Practical Operation to 2.5ME1z (fosc) 

■ Low Start-up Current and Under-Voltage Lockout 
Circuits support Off-Line Operation 

■ Pulse by Pulse or DC Current Limiting 

■ Integrating Soft Start Reset (Fault Integration) with 
Programmable Restart Delay 

■ High current (1.5A peak) totem-pole output drive 

■ Precision buffered 5V Reference (±1%) 
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PIN CONFigURATION 

ML4816 
20-Pin DIP 


KFB) 

INV 
EAOUT 
laiM) OUT 
■ F(LIM) 

V(D) 

V(F) 

R(C) 

R(D) 

C(D 

TOP VIEW 


1 


] KSENSE) 

2 

19 

] V(REF) 

3 

18 

] Vcc 

4 

17 

] OUTB 

5 

16 

] VC 

6 

15 

] PWR GND 

7 

14 

] OUTA 

8 

13 

] RC (RESET) 

9 

12 

] SOFT START 

10 

11 

] GND 


ML4816 
20-Pin SOIC 


KFB) nq 
INV 
EA OUT or 
KLIM) OUT or 
F(LIM) CIE 
v(D) nr 
V{F) 

R(C) aEl 
R(D) cml 

cm 


KSENSE) 
V{REF) 

VCC 
OUTB 
VC 

mPWRGND 
3EI OUTA 
□n RC (RESET) 
Zn SOFT START 
30 GND 


TQP VIEW 


PIN DESCRIPTION 


PIN # 

NAME 

DESCRIPTION 

1 

KFB) 

Input for load current limit. 

2 

INV 

Inverting input to error amp. 

3 

EA OUT 

Output of error amplifier. 

4 

KLIM) OUT 

Output for load current limit 
amplifier. 

5 

F(LIM) 

A voltage input sets the 
maximum on time for the timer. 

6 

V(D) 

Controls the C(T) discharge 
current and oscillator off time. 
Connected to error amplifier 
output for off-time modulation 
and to V(REF) for constant off 
time. 

7 

V(F) 

Controls the charging current 
and oscillator on time. 

Connected to error amplifier for 
on time modulation and 
connected to GND for constant 
on time. 

8 

R(C) 

External timing resistor to either 
GND or V(REF) sets the charging 
current (oscillator on time). This 
pin can either source or sink 
current. 


PIN # 

NAME 

DESCRIPTION 

9 

R(D) 

External resistor from this pin to 
GND sets the oscillator discharge 
current (off time). 

10 

C(T) 

Timing capacitor for Oscillator. 

11 

GND 

Signal ground. 

12 

SOFT START 

Normally connected to Soft Start 
capacitor. 

13 

RQRESET) 

Timing elements for Integrating 
fault detection and reset delay 
circuits. 

14 

OUTA 

High Current Totem pole 
output A. 

15 

PWR GND 

Return for the High Current 
Totem Pole outputs. 

16 

VC 

Supply for the High Current 
Totem Pole outputs. 

17 

OUTB 

High Current Totem pole 
output B. 

18 

VcG 

Positive supply for the 1C. 

19 

V(REF) 

Buffered output for the 5.0V 
voltage reference. 

20 

KSENSE) 

Primary current sense input for 
current limit. 


Micro Lillear 







ML4816 


ABSOLUTE MAXIMUM RATINGS 


Supply Voltage (Pins 16, 18) . 30V 

Output Current, Source or Sink (Pin 12) 

DC .!.. 0.5A 

Pulse (0.5//S) .1.5A 

Analog Inputs 

(Pins 1, 2, 5, 6, 7, 13) . -0.3V to 6.3V 

Amplifier Output Currents (Pins 3, 4) . 5mA 

Soft Start Sink Current (Pin 8) . 100mA 

R(C) Current (Pin 8) . -0.5 to+0.5mA 

R(D) Current (Pin 9) . -4mA 

Junction Temperature . 150®C 

Storage Temperature Range . -65°C to +150°C 


Lead Temperature (Soldering 10 sec.) . +260°C 

Thermal Resistance (0 ja) 

Plastic DIP or SOIC . 65°C/W 

OPERATING CONDITIONS 

Temperature Range .0®C to +70®C 


Absolute maximum ratings are those values beyond which the 
device could be permanently damaged. Absolute maximum ratings 
are stress ratings only and functional device operation is not 
implied. 


ELECTRICAL CHARACTERISTICS 

Unless otherwise specified, Cj = 470pF, Vcc = 15V, Vccis adjusted above the start threshold before settling at 15V. 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Reference Section 

Output Voltage 

Ta = 25°C, lo = -1mA 

4.90 

1 

5.00 

5.10 

V 

Line Regulation 

12V < Vcc ^ 25V 


2 

20 

mV 

Load Regulation 

1mA < lo < 10mA 


■ 5 

20 

mV 

Temperature Stability 

Tmin — Ta — Tmax {note 1) 


0.2 

0.4 

mV/^C 

Total Variation 

line, load, temp. 

4.85 


5.15 

V 

Output Noise Voltage 

10Hz < f < lOKHz 


50 


//V 

Long Term Stability 

Tj = 125^0, 1000 Hrs (note 1) 


5 

25 

mV 

Short Circuit Current 

o 

II 

> 

-40 

-70 1 

_1 

-100 

mA 


Error Amplifier Section 


Non-Inverting Input Voltage 

- i 

2.37 

2.47 

2.57 

V 

Input Bias Current 

i 



3 

M 

Open-Loop Gain 

1 < Vo < 4V 

60 



dB 

Unity Gain Bandwidth 

(note 1) 

2.5 

2.8 


MHz 

PSRR 

12V < Vcc ^ 25V 

70 



dB 

Output Sink Current 

VpiN 2 = 2.7V, VpiN 3 = 1V , 

1 

2.8 


mA 

Output Source Current 

VpiN 2 = 2.3V, VpiN 3 = 4V 

-0.5 

-2.2 


mA 

Output High Voltage 

IpiN 3 = -0.5mA 

5.0 

5.5 

6.0 

V 

Output Low Voltage 

IpiN 3 = 1mA 


0.5 

1.0 

V 

Slew Rate 



8.5 


V///S 


Current-Limit Amplifier Section 


Non-Inverting Input Voltage 


0.145 

0.16 

0.175 

V 

Input Bias Current 

■ 



-1 

M 

Open-Loop Gain 

1 < Vo<4V 

65 



dB 

Unity Gain Bandwidth 1 

(note 1) 

1.0 

1.5 


MHz 

PSRR 

12V < Vcc ^ 25V 

-1 

, 55 



dB 

Output Sink Current 

VpiNI = iy Vp,N4 = 1V 

1 

1.6 

_1 


mA 
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ELECTRICAL CHARACTERISTICS (Continued) 

Unless otherwise specified, Cj = 470pF, Vcc = 15V. Vcc is adjusted above the start threshold before settling at 15V. 


PARAMETER 

j^^^_1 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Current-Limit Amplifier Section (Continued) 

Output Source Current 

VpiNi = 0V Vp,sj 4-4V 

-0.5 

-1.1 

^ ! 

mA 

Output High Voltage 

IpiN 4 ~ -0.5mA 

6.0 

72 

8.0 

V 

^ ^ ^ ^ 1 

Output Low Voltage 

IpiN 4 = 1mA 


0.7 

1.0 

V 

Slew Rate 

(note 1) 



___^ 

VZ/js 


Current-Sense Section 


Input Bias Current 

VpiM 20 = 0 , 



-2 ^ , 

AfA 

Current-Sense Threshold 


1.20 

1.25 

1.30 ! 

V 

Delay to Pin 13 

(note 1) 


80 

150 

ns 


Soft-Start Section 


Discharging Current 

VpiN 13 = 4V, VpiN 12 = IV 

20 

35 


mA 

Charging Current 

VpiN 13 = 0, VpiM 12 = IV 

-16 

-21 

-26 



Overload Protection Section 


Overload Threshold 


3.0 

3.2 

3.5 

V 

Restart Threshold 


1.0 

1.2 

1.4 1 

V 

Pulse-by-pulse Charging Current 

Vp,N20 = 1.35V, Vp,^,13 = 2V 


-320 


M 

Current-Limit Amp. Controlled Current 

VpiN 1 = Q/ VpiN 13 = 2V 

VpiN 4 = 1V 


-2.2 

.1 

mA 


Vp,N4 = 2.5V 


-0.9 


mA 


Voltage-Controlled Timer 


Cj Minimum Discharging Current 

VpiN 6-0/ VpiN 10 - 3V 

15 

18.5 

22 

fjA 

Cj Peak Voltage 



3.75 


V 

Cj Valley Voltage 



2.1 


V 

R(C) Minimum Voltage 

VpiN 5 = VpiN 7 = 0, 

25Ka from Pin 8 to CND 

0.446Vref 

0.455Vref 

0.464Vref 

V 

R(C) Voltage 

8 

VpiN 5 - :jY '^REF/ Vpiisi 7 - 5V, 

25KO from Pin 8 to CND 

0.713Vref 

0.727Vref 

0.742Vref 

V 

R(D) Minimum Voltage 

VpiN 6 = 0, 3KO from Pin 9 to GND 



0 

V 

R(D) Maximum Voltage 

VpiN 6 = 5V, 3KO from Pin 9 to GND 

0.425Vref 

0.45Vref 

0.475Vref 

V 

Ton 

Ta = 25°C 

VpiN 5 = VpiN 7 = 0, VpiN 6 = 3V, 

25KO from Pin 8 to GND, 

3KO from Pin 9 to GND 

0.62 

1 

0.68 

.. 

0.70 

/JS 

Total Variation 

12V < Vcc ^ 25V (note 1) 

Tmin — Ta ^ T/vtAX 

0.60 

0.71 

0.79 

fJS 

Output Dead Time 

Ta = 25°C 
(note 1) 

VpiN 5 = VpiN 7 = 0, VpiN 6 = 5V, 

25X0 from Pin 8 to GND, 

3KO from Pin 9 to GND 

100 

120 

145 

ns 

Total Variation 

12V < Vcc < 25V (note 1) 

Tmin ^ Ta < '^mak 

100 

120 

155 

ns 
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ELECTRICAL CHARACTERISTICS (Continued) 

Unless otherwise specified, Cj = 470pF, Vcc = 15V Vqc 's adjusted above the start threshold before settling at 15V 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Voltage-Controlled Timer (Continued) 

Frequency 

f/VtAXd) ^ 

VpiN 5 ~ VpiN 7-0, VpiN 6 - 5V ! 

25KO from Pin 8 to GND 

3KQ from Pin 9 to GND 

1.1 

1.2 

1.3 

MHz 

fMIN(l) 

VpiN 5 “ VpiN 7 = 0, VpiN 6 = 1.4V 

25KQ from Pin 8 to GND 

3Ka from Pin 9 to GND 

17 

22 

28 

KHz 

fMAX(2) 

VpiN 5 = :[:]■ Vref/ VpiN 7 = 2V, Vpi^ 6 “ 5V ^ 

22KO from Pin 8 to Pin 19 

3KQ from Pin 9 to GND 

1.2 

1.45 

1.55 

MHz 

fMIN(2) 

VpiN 5 = :jp[ Vref, VpiN 7 = 5V, VpiN 6 = 5V 

22KO from Pin 8 to Pin 19 

3KQ from Pin 9 to GND 

650 

800 

825 

KHz 


Under Voltage Lockout Section 


Start Threshold 


15.8 

16.3 

16.8 

V 

Stop Threshold 


9.2 

9.7 

10.2 

V 


Supply Current 


Start-Up Current 

Vcc = 15.5V 

1.2 

1.5 

2.2 

mA 

Operating Supply Current 

VpiN 5 = VpiN 7 = 0/ VpiN 6 = 5V 

25KO from Pin 8 to GND 

3KQ from Pin 9 to GND 

Cla = Clb = 0, Ta = 25®C, 

26 

32 

38 

mA 


Tmin — Ta — Tmax 



53 

mA 


Output Section 


Output Low Level 

•sink = 20mA 


0.1 

0.4 

V 

IsiNK = 200mA 


0.7 

2.2 

V 

Output High Level 

IsouRCE = 20mA 

12.0 

13.5 


V 

IsouRCE = 200mA 

11.5 

13.0 


V 

Rise Time 

Cla — Clb = InF (note 1) 



60 

ns 

Fall Time 

Cla = Clb = InF (note 1) 



60 

ns 


Note 1; This parameter is not 100% tested in production but guaranteed by design. 
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FUNCTIONAL DESCRIPTION 

OSCILLATOR 

The oscillator is the core of the ML4Sl6 and is designed 
to allow the maximum flexibility. This oscillator can be 
used in two basic modes of operation: 

1. On time proportional to Vin, fixed off time with a 
maximum on time limit (where V|n is the output of 
the error amplifier). 

2 . Off time inversely proportional to V|n, fixed on time. 



Variable Off-Time, Constant On-Time (Figure 2) 

When using a variable off time control, V(D) is tied to 
the output of the error amplifier. Off time is given by 
equation (1) while the 16/iA current sink prevents the 
off time from becoming infinite, thereby providing an 
upper limit to Tqff of* 

Iviax (Toff) = C(T) x 1.03 x io5 ( 2 ) 

The on time is given by: 

Ton = 0.0605 R(C) C(T) (3) 



Figure 2. Variable Off Time> Constant On Time 
Oscillator Connections 



Figure 1. Oscillator Block Diagram 

The internal CLOCK signal, shown above, turns the 
outputs off at its rising edge. Clock remains high and 
the outputs stay off as long as C(T) is discharging. The 
discharge time (Toff) C(T) is: 



Figure 2a. Max (Tqff) vs. Cj 


Tqff - 


1.65 C(T) R(D) 

10 (V(D) - 2V) + 16//A R(D) 


( 1 ) 


j^lVlicrD Un^if 
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Rc (KQ) Rc (KQ) 


Figure 2b. Tqn vs. R(C) 

Variable On-Time, Constant Off-Time 

The on time (Tqn) 's controlled by the current flowing 
from V(REF) through R(C) into B2. The output of B2 is 
internally limited to be no less than 2.27V and no 
greater than F(LIM). 



Figure 3. Variable On Time, Constant Off Time Oscillator 
Connections (Tqn Proportional to EA OUT) 


Figure 3a. Minimum Tqn Constant Off-Time 

8 

Configuration with Vflim ^ ^ ^ 

The on time for figure 3 is given by: 

0.138 R(C) C(T) 

Ton =- (4) 

V(RFF) - V(F) 

The maximum on time is given by: 

0.138 R{C) C(T) 

Ton,MAX,-v(Ref)_f(LIM) 

where F(LIM) > 2.27V. The minimum on time is: 

Ton(MIN) = 0.0506 R(C) C(T) (6) 

ERROR AMPLIFIER 

The ML4816 error amplifier is a 2.5MHz bandwidth, 
8.5V///sec slew rate op-amp with provision for limiting 
the positive output voltage swing to implement the soft 
start function. 




The Error Amplifier input contains protection diodes as 
shown above. INV should not be driven lower than 
2.5V - Vbe or higher than 2.5V + Vbe- 
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Figure 5. Error Amplifier Open-Loop Gain and 
Phase vs. Frequency 

OUTPUT DRIVER STAGE 

The ML4816 has two high current high speed totem 
pole output drivers each capable of 1.5A peak output, 
designed to quickly switch the gates of capacitive loads, 
such as power MOSFET transistors. 



Figure 6. Power Driver Simplified Schematic 



0.01 0.1 1 10 
CL(nF) 

Figure 6a. Output Driver Current Consumption 1(C) 
vs. Output Load Capacitance 



OUTPUT CURRENT (A) 

Figure 7. Output Saturation Voltage vs. Output Current 



Cl = lOOOpF Cl = 10,000pF 


Figures. Rise/Fall Time 

CURRENT LIMIT, FAULT DETECTION AND SOFT START 

The ML4816 has two modes of current limiting: Primary 
pulse-by-pulse over-current protection and secondary 
DC average current limiting. 

Primary Pulse-by-Pulse Current Limit Circuit 

In this mode, the primary current Is compared with a 
125V threshold in comparator XI When the sensed 
current exceeds the 125V threshold of comparator XI, 
the R-S latch X2 Is set, turning on the 320//A current 
source to charge Crst Ifi remains on until CLOCK 
goes high (Toff)' When Crst has charged to 3.2V, a soft 
start reset occurs. The number of times the outputs 
reach current limit are ''remembered" on Crst- Over 
time, Crst is discharged by Rrst providing a measure of 
"forgetting" when the over-current condition no longer 
occurs. If the output fault is removed before Crst 
reaches 3.2V, Crst discharges slowly through Rrst and 
normal operation resumes. 
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Over-Current Sensing^ Overload Shutdown and Fault Management 



Figure 9. Overload Protection and Fault Management 


Secondary dc Current Limit Circuit 

In secondary dc current-limiting, the currents in the 
output rectifiers are sensed, full-wave rectified and 
smoothed. The smoothed signal is fed into the current- 
limiting amplifier X3. If the sensed current is below the 
0.16V threshold, the output of X3 will go above Vref 
and If 2 will be off. As the sensed current exceeds the 
current-limit threshold, V|lo starts to fall and 
Vref - V|LO “ 2Vrf 

'f 2 ( *=-- ) turns on. If 2 charges Crsj 

towards the overload threshold (3.2V) of X4. Crst 
charging and temporary recovery through Rrst here are 
similar to the pulse-by-pulse over-current sensing case 
except that If 2 is continuous. 


Under persistent output short circuit with either form 
of over-current protection, Crst is charged until it 
reaches 3.2V. The gate drives are immediately 
terminated and the soft-start capacitor Css's 
discharged. Crst then discharges through Rrst toward 
the restart threshold (1.2V). Gate drives remain off until 
Crst is discharged below 1.2V. The time taken for Crst 
to discharge to the restart threshold is the restart-delay 
time. This delay reduces the average power delivered 
to the load during overload, thus protecting both the 
load and the controller. If overload persists, the 
controller will continue to hiccup until the cause of 
overload is removed. The controller undergoes soft-start 
at each restart. 

The overload shutdown and restart sequences for both 
over-current protection schemes with non-bootstrapped 
Vcc are illustrated in Figures 10 and 11. 
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Figure 10. Over-Current Sensing^ Overload Shutdown and 
Restart Sequence (Non-Bootstrapped Vcc) 
(ZCS-QRC Transistor Current Shown) 


Figure 11. Secondary dc Current Sensing^ Overload 
Shutdown and Restart Sequence 
(Non-Bootstrapped Vcc) 



Figure 12. Simplified Vcc Bootstrapping Scheme in Flalf-Bridge Configuration 


For a bootstrapped converter, where controller Vcc is 
obtained from an auxiliary winding of the main 
transformer, (see Figure 12) overload shutdown causes 
both the converter output and the controller Vcc to 
collapse. Undervoltage lockout (UVLO) is activated and 
the on-chip bandgap reference is disabled. ML4816 
dissipates only 1.5mA during shutdown. Since Ibleed's 
higher than the start-up current, Cs will be charged 
towards the UVLO start threshold. When this happens, 
the entire controller becomes operational except that 
the gate drives remain off. Ice jumps to its full 
operational value. Since Vcc bootstrapping is not yet 
available. Ice will discharge Cs below the UVLO stop 
threshold. The on-chip reference will again be disabled 
with the controller supply current reduced to 1.5mA. 
•bleed will again charge Cs towards the UVLO start 
threshold. The process repeats until Crst is discharged 
below the restart threshold. The shutdown and restart 
sequence Is illustrated In Figure 13. 

The over-current timing and shutdown sequence can 
be disabled by grounding pin 13. 



Figure 13. Overload Shutdown, UVLO and Restart 
Sequence (Bootstrapped Operation) 
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Auxiliary Output Current-Limiting (RC(RESET) Pin Grounded) 

Constant current at power inverter output can be 
obtained by utilizing the current-limit amplifier with pin 
13 shorted to ground. The ILO pin is connected to the 
EAO pin through two external OR-ing diodes and 
□2 (Figure 14). Ri is used as a pull-up resistor. The 
current-limiting loop activates and takes control if the 
voltage at the Inverting input IFB of the current-limit 
amplifier exceeds the 160mV threshold and ILO is 
pulled below EAO. The schematic shows that either the 
main error amplifier or the current-limiting amplifier 
controls the switching frequency of the converter. The 
voltage to the IFB pin comes from the output of a 
current sensor which produces a signal proportional to 
the output current. 



First-Pulse Inhibit 

ML4816 features a unique scheme to prevent input 
transformer from saturating during initial start-up. 

Before Vcc rises above the undervoltage lockout 
(UVLO) start threshold, the bandgap reference is 
disabled. Since the bias circuit of the timer requires a 
reference output of at least 4 Vbe to operate, the timing 
capacitor Cj remains fully discharged. As Vcc crosses 
UVLO start threshold at to, the reference becomes 
enabled. The reference output rises at a rate 
determined by the reference short-circuit current and 
the external bypass capacitor. Cj remains discharged 
until Vref exceeds 4 Vbe. There is no gate drive until 
Vref reaches the "reference-good" level (4.4V) (see 
Figure 16). Once Vref exceeds 4 Vbe (ti), Cj is charged 
towards the upper threshold of the oscilllator/timer. 
Although the gate drives are enabled at t 2 , the first- 
pulse inhibit latch continues to blank the outputs. This 
latch is reset when Cj voltage crosses the upper 
oscillator threshold at t 3 . OUTA is gated on after the 
CLK pulse elapses. 

Without the first-pulse inhibit circuit, the first OUTA 
pulse would be on for time Tqni which could be as 
much as 2 to 3 times longer than the desired Tqn time. 
The first-pulse Inhibit latch ensures no abnormally long 
first gate drive pulse, independent of Vref •'■se time. 


Figure 14. Auxiliary Output Current-Limiting 



Figure 15. Operation of UVLO and the First-Pulse Inhibit Circuit 
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Open Loop Laboratory Test Fixture 



This test fixture is useful for exercising many of the 
ML4816's functions and measuring their specifications. 
As with any wideband circuit, careful grounding and 
bypass procedures should be followed. The use of a 
ground plane is highly recommended. 
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ORDERING INFORMATION 


PART NUMBER 

TEMPERATURE 

RANGE 

PACKAGE 

ML4816CP 

0 °C to +70°C 

Plastic DIP (P20) 

ML4816CS 

0 °C to +70°C 

Plastic SOIC (S20W) 
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ML4817 


Single-Ended High Frequency PWM Controller 


GENERAL DESCRIPTION 

The ML4817 High Frequency PWM Controller is 
optimized for use in single-ended Switch Mode Power 
Supply designs running at frequencies up to 1MHz, 
Propagation delays are minimal through the 
comparators and logic for reliable high frequency 
operation while slew rate and bandwidth are 
maximized in the error amplifier. This controller is 
designed to work in either voltage or current mode. 

A unique overload protection circuit helps to limit 
stress on the output devices. This Integrating method 
of fault detection also provides for reset delay before 
restart. A 1.5V threshold current limit comparator 
provides cycle-by-cycle current limit. 

The ML4817 oscillator features accurately 
programmable dead time control to precisely limit the 
maximum duty cycle. 

The ML4817 is fabricated on a 40V bipolar process 
from the FB3480 Power Supply Controller Array. 
Customized versions of this controller are therefore 
easily implemented. Please refer to the FB3480 
datasheet for more information. 


FEATURES 

■ Practical Operation at Switching Frequencies to 
1MHz 

■ High Current (2A peak) Totem Pole Output 

■ Temperature Stable Precise Oscillator Frequency 
and Dead Time 

■ Precision Maximum Duty Cycle Limit 

■ Integrating Fault Detection with Reset Delay 

■ Fast Shut Down Path from Current Limit to Output 

■ Output Pulls Low for Under-Voltage Lockout 



MgL Micro Linear 
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PIN CONFIGURATIION 


ML4817 
16-Pin SOIC 


INV 1 
Ni orj 
E/A OUT I 

CLOCK orl 

R(C) I 

CfD orl 
R(D) czcj 
SOFT START I 


16 
15 m 
14 nn 
13 pn 
12 
11 
10 
9 


RC(RESET) 
5.1V Vref 
Vcc 

POWER GND 
OUT 

SIGNAL GND 

RAMP 

l(LIM)/S.D. 


ML4817 
16-Pm DIP 


INV 

NI 

E/A OUT 
CLOCK 
, R(C) 
C(D 
R(D) 
SOFT START 



PIN DESCRIPTION 


PIN # 

NAME 

FUNCTION 

1 

INV 

Inverting input to error amp. 

2 

NI 

Non-inverting input to error amp. 

3 

E/A OUT 

Output of error amplifier and 
input to main comparator. 

4 

CLOCK 

Oscillator output. 

5 

R(C) 

Timing Resistor for Oscillator — 
sets charging current for oscillator 
timing capacitor (Pin 6). 

6 

C(T) 

Timing Capacitor for Oscillator. 

7 

R(D) 

Resistor which sets discharge 
current for oscillator timing 
capacitor. 

8 

SOFT START 

Normally connected to Soft Start 
Capacitor and charging resistor. 

9 

l(LIM)/S.D. 

Current limit sense pin. Normally 
connected to current sense resistor. 


PIN # 

NAME 

FUNCTION 

10 

RAMP 

Non-inverting input to main 
comparator. Connected to C(T) for 
Voltage Mode operation or to 
current sense resistor for current 
mode. 

11 

SIGNAL GND 

Analog Signal Ground. 

12 

OUT 

High Current Totem pole output. 

13 

POWER GND 

Return for the High Current 

Totem pole outputs. 

14 

Vcc 

Positive Supply for the 1C. 

15 

5.1 Vref 

Buffered output for the 5.1V 
voltage reference. 

16 

RC(RESET) 

Timing elements for integrating 
fault detection and reset delay 
circuits. 
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ABSOLUTE MAXIMUM RATINGS 

Absolute maximum ratings are those values beyond which the 
device could be permanently damaged. Absolute maximum 
ratings are stress ratings only and functional device operation 
is not implied. 


Supply Voltage (Pin 14) . 30V 

Output Current, Source or Sink (Pin 12) 

DC . 0.5A 

Pulsed {O.SfJs) . 2.0A 

Analog Inputs 

(Pins 1, 2, 8, 9, 10, 16) .. -0.3V to 6V 

Clock Output Current (Pin 4) . -5mA 

Error Amplifier Output Current (Pin 3) . 5mA 


Soft Start Sink Current (Pin 8) .... 100mA 

Oscillator Charging Current (Pin 5) . -5mA 

Junction Temperature . 125®C 

Storage Temperature Range . -65°C to +150°C 

Lead Temperature (Soldering 10 sec) . +260°C 

Thermal Resistance (^ja) 

Plastic DIP . 65°C/W 

Plastic SOIC . 65®C/W 

OPERATING CONDITIONS 

Temperature Range .0®C to +70°C 


ELECTRICAL CHARACTERISTICS 

Unless otherwise specified, R(C) = 2540Q, R(D) = 24700, Cj = 470pF, T^ = Operating Temperature Range, Vcc “ 15V 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Oscillator 

Initial Accuracy 

Ta = 25®C 

500 

525 

550 

KHz 

Voltage Stability 

12V < Vcc < 25V 


0.2 


% 

Temperature Stability 

(note 1) 



TBD 

% 

Total Variation 

line, temp (note 1) 

TBD 


TBD 

KHz 

Maximum Duty Cycle 

VpiN 1 = 2.3V, Vp,N 2 = 2.5V 

VpiN 9 Vpiivi 10 = OV, Ta = 25®C 

44 

45 

46 

% 

Maximum Duty Cycle 

line, temp (note 1) 

42 


48 

% 

C(T) Discharge Current 

VpiN 6 = 4V, VpiN 7 = 3V 


4.5 


mA 

Clock Out High 


4.0 

4.5 


V 

Clock Out Low 




2.2 

V 

Ramp Peak 



3.75 


V 

Ramp Valley 



2.15 


V 

Ramp Valley to Peak 



1.60 


V 


Reference Section 


Output Voltage 

Ta = 25®C, Iq = 1mA 

5.00 

5.10 

5.20 

V 

Line Regulation 

12V < Vcc < 25V 


2 

20 

mV 

Load Regulation 

1mA < Iq < 10mA 


5 

20 

mV 

Temperature Stability 

Tmin < Ta < Tmax/ (f^ote 1) 


.2 

.4 

mV/®C 

Total Variation 


4.95 


5.25 

V 

Output Noise Voltage 

10Hz to lOKHz 


50 


A/V 

Long Term Stability 

Tj = 125®C, 1000 hrs, (note 1) | 


5 

25 

mV 

Short Circuit Current 

§ 

II 

> 

-15 

-50 

-100 

mA 
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ELECTRICAL CHARACTERISTICS 

Unless otherwise specified, R(C) = 25400, R(D) = 24700, Cj = 470pF, Ta = Operating Temperature Range, Vcc = 15V 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Error Amplifier Section 

Input Offset Voltage 




15 

rnV 

Input Bias Current 



.6 

3 


Input Offset Current 



.1 

1 


Open Loop Gain 

1<Vo<4V 

60 

95 


dB 

CMRR 

1.5 <VcM < 5.5V 

60 

95 


dB 

PSRR 

12 < Vcc < 25V 

80 

110 


dB 

Output Sink Current 

VpiN 3 = 1V 

1 

2.5 


mA 

Output Source Current 

VpiN 3 = 4.0V 

"-.5 

-1.3 


mA 

Output High Voltage 

IpiN 3 -0.5mA 

5.3 



V 

Output Low Voltage 

lpiM 3 = 1mA 

0 

0.5 

1.0 

V 

Unity Gain Bandwidth 

(note 1) 

3 

5.5 


MHz 

Slew Rate 

(note 1) 

6 

12 


V///S 


PWM Comparator Section 


Pin 10 Bias Current 

VpiN 10 “ OV 


-1 

-5 


Pin 3 Zero D.C. Threshold 

VpiN 10 ~ OV 

1.08 

1.25 

1.45 

V 

Delay to Output 

(note 1) 


50 

80 

ns 


Soft Start Section 


Pin 8 Bias Current 

VpiN 8 = 4V 



10 

/jA 

Discharge Current 

VpiN 8 = 1V 

10 



mA 


Current Limit/Shutdown Section 


Pin 9 Bias Current 

0V<Vp,N9<4V 



+10 

M 

Current Limit Threshold 

VpiN.ie = OV 

1.35 


1.65 

V 

Delay to Output 

(note 1) 


40 

70 

ns 

Pin 16 Shutdown Threshold 


2.05 


2.55 

V 

Pin 16 Restart Threshold 


0.9 


1.3 

V 

Pin 16 Charging Current 

Vp,N 9 = 2V Vp,N 16 = 1.5V 

-150 

-210 

-275 

M 


Output Section 


Output Low Level 

iouT ■ 20mA 


.25 

.4 

V 

Iqut ” 200mA 


1.2 

2.2 

V 

Output High Level 

iouT “ -20mA 

12.0 

13.5 


V 

louT “ -200mA 

11.5 

13.0 


V 

Rise/Fall Time 

Cl = lOOOpF, (note 1) 


30 

60 

ns 


Under-Voltage Lockout Section 


Start Threshold 


12.0 

13.8 

15.0 

V 

UVLO Hysteresis 


3.0 

3.6 

-1 

4.2 

V 


Supply Current 


Start Up Current 



1.8 

2.5 

mA 

■cc 

VpiN 1 - 2.3V, VpiN 2 “ 2.5V 

Vp,N 9,10 = OV, Cl = 0, Ta = 250 c 


34 

42 

mA 


Note 1. This parameter is not 100% tested in production but guaranteed by design. 
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FUNCTIONAL DESCRIPTION 


OSCILIATOR 

The ML4817 oscillator charges the external capacitor, 
Cj, with a current (Iset) equal to 2/Rc. When the Cy 
voltage reaches the upper threshold (Ramp Peak), the 
comparator changes state, turning off the current 
source and turning on the 4.5mA current sink which is 
voltage clamped to 1.05V by Q1. The capacitor then 
discharges to the lower threshold (Ramp Valley) with a 
time constant determined by Rp and Cy. 



Tc -- Td 


CLOCK OUT 


I-- -1 



Figure 1. Oscillator Block Diagram 


Oscillator period Can be determined by the following 
formula: 



Tosc - Tc + Td 

(1) 


(RAMP PEAK - VALLEY) Cy Rc 

2 

or 


Tc = 0.8 (Cy Rc) 

(2) 


/ RAMP PEAK - 1.05 \ 

Td - Rd^t ) 

' RAMP VALLEY - 1.05 ' 

or 


Td = 0.90 (RDCy) 

(3) 

since: 



then: 

1 

" Ct (.8Rc + .90Rd) 

(4) 

since: 

Tc 

Duty Cycle = 

Tc + Td 


then: 

1 

Duty Cycle = 

I^d\ 

1 + 1.12 — 

' Rc ' 

(5) 



Rd (O) 

Figure 2. Duty Cycle vs R(D) 



Figure 3. Oscillator Frequency vs Rq = 
R{C) for 50% Duty Cycle 
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ERROR AMPLIFIER 

The ML4817 error amplifier is a 5.5MHz bandwidth, 
12V///S slew rate op-amp with provision for limiting the 
positive output voltage swing for ease in implementing 
the soft start function. 



TIME (fjs) 


Figure 4. Unity Gain Slew Rate 



FREQ (Hz) 

Figure 5. Open Loop Frequency Response 
OUTPUT DRIVER STAGE 

The ML4817 Output Driver is a 2A peak output high 
speed totem pole circuit designed to quickly switch 
capacitive loads, such as power MOSFET transistors. 



Figure 6. Power Driver Simplified Schematic 


VoH Curve 



0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 


loUT (A) 


Vql Curve 



0 0.5 1.0 1.5 

lOUT (A) 


Figure 7. Saturation Curves 



TIME (ns) 

Figure 8. Rise/Fall Time (Cl = lOOOpF) 



TIME (ns) 


Figure 9. Rise/Fall Time (Cl = 10,000pF) 

UNDER-VOLTAGE LOCKOUT 

When Vcc is below 13.8V, the IG draws very little 
current (1.8mA typ.) and Vref is disabled. When Vcc 
rises above 13.8V, the 1C becomes active and Vref is 
enabled and will stay in that condition until Vcc f^Hs 
below 10.2V. 
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Figure 10. Under-Voltage Lockout Circuit 

CURRENT LIMIT, FAULT DETECTION AND SOFT START 

When the current (sensed on pin 9) reaches the 1.5V 
limit, the PWM cycle is terminated. The flip flop (figure 
10 ) turns on current source 1(1) to charge Crst and 
remains on until CLOCK goes high. The magnitude of 
current source 1(1) is .25 x Iset where Iset's the 
oscillator charging current. When Crsj has charged to 
2.3V a soft start reset occurs. The number of times the 
PWM cycle is terminated due to over-current is 
"remembered" on C(RST). Over time, C(RST) is 
discharged by R(RST) providing a measure of 
"forgetting" when the over-current condition no longer 
occurs. 



Figure 11. Over-Current, Soft Start, and Integrating Fault 
Detect Circuits 

Since the per cycle charge on RC(RESET) is proportional 
to how early in the PWM cycle the reset occurs, a 
reset will occur more quickly under output short circuit 
conditions (figures 12c and 12d) than during a load 
surge (figures 12a and 12b). 



Figure 12a. Pin 9 (I limit) Waveform During Load Surge 


2.3V 



Figure 12b. Corresponding Waveform on Pin 16 (RCreset) 



Figure 12c. Current Waveform During Short Circuit (Pin 9) 



Figure 12d. RC(RESET) (Pin 16) Increases More Quickly 
During Short Circuit Condition 

When the soft start reset occurs, the output is inhibited 
and the soft start capacitor is discharged. The output 
will remain off until C(RST) discharges to 1.1V through 
R(RST), providing a reset delay. When the 1C restarts, 
the error amplifier output voltage is limited to the 
voltage at pin 8, thus limiting the duty cycle. 



-55 -35 -15 5 25 45 65 85 105 125 

Ta/^C 

Figure 13. Supply Current vs. lemperature 
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ORDERING INFORMATION 


PART NUMBER 

TEMPERATURE 

RANGE 

PACKAGE 

ML4817CP 

0°C to +70°C 

DIP (P16) 

ML4817CS 

0®C to +70°C 

SOIC (S16W) 
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ML4818 


Phase Modulation/Soft Switching Controller 


GENERAL DESCRIPTION 

The ML4818 is a complete phase modulation control 1C 
suitable for full bridge soft switching converters. Unlike 
conventional PWM circuits, the phase modulation 
technique allows for zero voltage switching transitions 
and square wave drive across the transformer. The 1C 
modulates the phases of the two sides of the bridge to 
control output power. 

The ML4818 can be operated in current mode. The delay 
times for the outputs are externally programmable.to 
allow the zero voltage switching transitions to take place. 

Both pulse-by-pulse current limit and integrating fault 
detection and soft start reset are provided. The under¬ 
voltage lockout circuit features a 6V hysteresis with a low 
starting current to allow off-line start up with a bleed 
resistor. A shutdown function powers down the 1C, putting 
it into a low quiescent state. 


The circuit can be operated at frequencies above 1 MHz. 
The ML4818 contains four high current totem pole 
outputs which feature high slew rate with low cross 
conduction. 

FEATURES 

■ Full Bridge Phase Modulation Zero Voltage Switching 
Circuit with Programmable ZV transition times 

■ Constant Frequency Operation to 1.5MHz 

■ Current Mode Operation 

■ Cycle-by-Cycle Current Limiting with Integrating Fault 
Detection and Restart Delay 

■ Precision buffered 5V Reference (-i- 1 %) 

■ Four 1.5 A Peak Current Totem-Pole Output Drivers 

■ Under-Voltage Lockout circuit with 6V Hysteresis. 

■ Power DIP package allows higher dissipation 


BLOCK DIAGRAM 
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ML4818 _ 

PIN CONNECTION 

24-Pin Power DIP 

' . . GND' 

■ Ct' 

RAMP 

•lim 
E/A OUT 
GND 
GND 
INV 

SOFT START 
SHUTDOWN 
Rt 

RCreset 

TOP VIEW 


PIN DESCRIPTION 


PIN# 

NAME 

FUNCTION 

PIN# 

NAME 

FUNCTION 

1 

GND 

Ground 

12 

RCreSET 

Timing elements for Integrating fault 

2 

Ct 

Timing Capacitor for Oscillator 



detection and reset delay circuits 

3 

RAMP 

Non-Inverting input to main 

13 

CLOCK 

Oscillator output 



comparator. Connected to current 

14 

Rdelay 

Resistor to ground on this pin 



sense resistor for current mode 



programs the amount of delay from 


■lim 

Current limit sense pin. Normally 



the time an output turns off until its 


connected to current sense resistor 



complementary output turns on 

5 

E/A OUT 

Output of error amplifier and input 

15 

GND 

Ground 



to PWM comparator 

16 

A2 0UT 

High Current Totem pole output A1 

6,7 

GND 

Ground and Substrate 

17 

A1 OUT 

High Current Totem pole output A2 

8 

INV 

Inverting input to error amp 

18,19 

GND 

Ground and Substrate 

9 

SOFT START 

Normally connected to Soft Start 
Capacitor 

20 

Vcc 

Positive Supply for the 1C 



21 

B2 OUT 

High Current Totem pole output B1 

10 

SHUTDOWN 

Pulling this pin low puts the 1C into 


B1 OUT 



a power down mode and turns off 

22 

High Current Totem pole output B2 



all outputs. This pin is internally 
pulled up to Vref. 

23 

GND 

Ground 



24 

Vref 

Buffered output for the 5.0 V 

11 

Rt 

Resistor which sets discharge 
current for oscillator timing 


voltage reference 



capacitor 
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ABSOLUTE MAXIMUM RATINGS 


Supply Voltage (Pin 20).30V 

Output Current, Source or Sink (Pins 16,1 7,21,22) 

DC.0.5A 

Pulse (0.5 ps).1.5 A 

Analog Inputs 

(Pins 2 thru 5, 8 thru 10, 12) .-0.3V to 6V 

Clock Output Current (Pin 11).-5mA 

Error Amplifier Output Current (Pin 5).5mA 

Soft Start Sink Current (Pin 9).50 mA 

Oscillator Charging Current (Pin 2).-5mA 

Junction Temperature.. 1 SOX 


Storage Temperature Range.....-65°C to +150°C 

Lead Temperature (Soldering 10 Sec.).+260°C 

Thermal Resistance (0ja) (see fig 13,14) 

Plastic Power DIP.40°CAV 

OPERATING CONDITIONS 

Temperature Range.0°C to +70°C 


Absolute maximum ratings are those values beyond which 
the device could be permanently damaged. Absolute 
maximum ratings are stress ratings only and functional 
device operation is not implied. 


ELECTRICAL CHARACTERISTICS 

Unless otherwise specified, Rj = 1 2.7KQ., Cj = 250pF, R^lk = 3KQ, Rdelay = 5K12, T^ = Operating Temperature Range, 
Vcc=15V. 


PARAMETER 

CONDITIONS 

MIN 

TYP. 

MAX 

UNITS 

OSCILLATOR 

Initial accuracy 

Ta = 25°C 

460 

500 

540 

KHz 

Voltage stability 

12V<Vcc<25V 


-0.3 


%N 

Temperature stability 

(note 1) 

-1 

0.2 


% 

Total Variation 

line, temp. 

428 


551 

KHz 

Cj Discharge Current 

Vp|N2 = 2V 

4.7 

5.5 

6.3 

mA 

Clock out High 


2.4 

3.1 


V 

Clock out Low 



0 

0.4 

V 

Ramp Peak 



4.1 


V 

Ramp Valley 



1.5 


V 

Ramp Valley to Peak 

i_^^_ 




V 


REFERENCE SECTION 


Output Voltage 

Ta = 25X, lo = 1 mA 

4.95 

5.0 

5.05 

V 

Line regulation 

12V< Vcc<25V 


2 

20 

mV 

Load regulation 

1 mA < Iq < 10 mA 


3 

20 

mV 

Temperature stability 

(note 1) 


.2 


mV/X 

Total Variation 


4.85 


5.15 

V 

Output Noise Voltage 

10Hz to 10 KHz 


50 


mV 

Long Term Stability 

Tj= 125X, 1000 hrs, (note 1) 


5 

25 

mV 

Short Circuit Current 

Vref = OV 

-30 

-50 

-200 

mA 


ERROR AMPLIFIER SECTION 


Input Offset Voltage 


-35 

! 

+25 

mV 

Input Bias Current 



0.6 

3 

PA 

Input Offset Current 



0.1 

1 

pA 

Open Loop Gain 

1 < Vo < 4V 

85 

120 


dB 

PSRR 

12 < Vcc<25V 

80 

100 


dB 

Output Sink Current 

VpiN5=1V 

1 

3.2 


mA 
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ELECTRICAL CHARACTERISTICS (Continued) 


PARAMETER 

CONDITIONS 

MIN 

TYP. 

MAX 

UNITS 

ERROR AMPLIFIER SECTION (Continued) 

Output Source Current 

Vp,nJ=5.1V 

-0.5 

-2.2 


mA ■ 

Output High Voltage 

IpiN 5 = —0.5mA 

5.0 

, 5.5 

6.0 

V 

Output Low Voltage 

IpiN 5 = 



0.5 

^ 

Unity Gain Bandwidth 

(note 1) : 

^ 1 

2.0 

2.8 


MHz 

Slew Rate (note 1) 



8.5 


V/|js 


PHASE MODULATOR SECTION 


- 1 

Pin 3 Bias Current 

VpiN 3 = OV 


-1 

-10 

pA 

Pin 5 Zero D.C. Threshold 

VpiN 3 = OV 

0.4 

0.6 

0.8 

V 

-^^- 1 

TpDi, pin 3 to Output 

(notel) 


50 

80 

ns 

Tdelay 


150 

200 

270 

ns 

VpiN14 



4.3 


V 


SOFT-START SECTION 


Pin 9 Charge Current 

Vp,N9 = 4V 

-20 

-25 

-30 

pA 

Discharge Current 

VpiN9=lV 

10 

20 

30 

mA 


CURRENT LIMIT/SHUTDOWN SECTION 


Pin 4 Bias Current 

0 V < VpiN 4 < 4V 


-1 

-10 

pA 

Current Limit Threshold 

VpiN10 = OV 

0.92 

1.02 

1.12 

V 

TpDi/Pin4 

(note 1) 


50 


ns 

Pin 12 Shutdown Threshold 

- 

3.15 

3.4 

3.65 

V 

Pin 12 Restart Threshold 


1.0 

1.3 

1.6 

V 

Pin 12 Charging Current 

Vp,N4=2V,Vp,Ni2=1.5V 

-445 

-523 

-600 

pA 

Pin 10 Shutdown Threshold 


2.0 

2.4 

2.8 

V 

Pin 10 Input Bias Current 

VpiN10 = 0 


-25 

-100 

pA 


OUTPUT SECTION 


Output Low Level 

louT = 20 mA 


0.1 

0.4 

V 


Iqijt “ 200 mA 


0.7 

2.2 

' V 

Output High Level 

Iqut = -20 mA 

12.0 

13.5 


V 


louT — —200 mA 

11.5 

13.0 


V 

Rise/Fail Time 

Cl = 10OOpF, (note 1) 


30 

60 

ns 


UNDER-VOLTAGE LOCKOUT SECTION 


Start Threshold 


15.8 

16.5 

. 17.2. 

V 

Stop Threshold 


9.7 

10.2 

'10.7 

V 


SUPPLY CURRENT 


Start Up Current 

Vcc< 15.8V 


3 

, 4 

mA 

■cc 

VpiN 8 = 4V, VpiN 3 4 = OV, Cl = 0 
Ta=25X 


48 

60 

mA 


Note 1: This parameter not 100% tested in production but guaranteed by design. 
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FUNCTIONAL DESCRIPTION 

PHASE MODULATOR 

In the ML4818, power is controlled by modulating the 
phase of the A and B sides full bridge power section 
(figure 1). As shown in timing diagram, figure 1, we begin 
the power cycle with A2 and B1 high (Q2 and Q1 are on). 
Power is being delivered to the output through the 
transformer and the following sequence of events takes 
place: 

1. After either the 0 MOD or Ilim comparator trips, 
B1 goes low, turning off Q2, allowing the parasitic 
capacitances on Q2 and Q3 to charge to +V|n 
driven by the leakage inductance's current 
(■leakage)- 

2. B2 goes high after Tdelay which is set by the 
resistor Rdelay pin 14 to GND. At this point the 
source of Q3 has been charged to +Viisi, turning on 


Q3 at zero voltage. The transformer is now 
effectively shorted through Q1 and Q3, allowing 
■leakage to recirculate. 

3. Clock goes high and A2 goes low while A1 
remains low for time Tdelay- During this time both 
Q1 and Q4 are off. Ileakage discharges the parasitic 
capacitances on Q1 and Q4 until Q4's drain is at 
OV. 

4. A1 goes high after Tdelay which is set by the 
resistor Rqelay i^tom pin 14 to GND. At this point the 
drain of Q4 has been discharged to OV, making the 
turning on Q4 at zero voltage. At this point, Q4 and 
Q3 are both on and power is being delivered to the 
main transformer. 

The above sequence is then repeated but with the 
opposite polarity on all outputs. 



Figure 1. Simplified diagram of Phase Modulated power Outputs. 


Ct 

CLOCK 

n 

n i I 

V 

n 



1 

1 


A2 

1 

__ 1 i 




—^ -toELAYl 


A1 

1 

1 I 

j 


—^ |-^tDELAY 

1 

n- 

B1 

1_^ 

i 1 jl 

tPDl — i 

tDELAY -*\ \*- tpDI 

B2 i 

_1 

_P I 

1_Ll 


|—tDELAY —tpDI -4j |—tDELAY 


®_i - \ / 

® \ _ / \ 

Figure 2. Phase Modulation control waveforms (Shaded areas indicate a power cycle). 
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The ML4818 can also be used in current mode by sensing 
load current on the RAMP input (pin 3). 

The four output delay timers are programmed via an 
external Rdelay resistor as shown below. This resistor 
value should be no less than 1KQ. Expressing Rdelay Iri 
the delay in ns is: , 

Tdelay =33 X Rdelay + 45 (1) 

The ML4818 contains special logic circuits to provide for 
voltage mode feed-forward and lock out long pulses into 
the internal logic. This prevents instability from occuring 
when the O Comparator trips in voltage mode. 



Figure 4. Voltage Feed-Forward Circuit. 

The transistor in figure 4 is open only during a power 
cycle. When the power cycle terminates, pin 3 is pulled 
low. In voltage mode operation, a capacitor is connected 
from pin 3 to GND with a resistor from pin 3 to V|n to 
provide input voltage feed forward. 

OSCILLATOR 

The ML4818 oscillator charges the external capacitor, Cj, 
with a current (Iset) equal to S/Rj. When the Cj voltage 
reaches the upper threshold (Ramp Peak), the comparator 
changes state, turning on the current sink which 
discharges Cj to the lower threshold (Ramp Valley). The 
Cj pin is clamped to Ramp Valley by Q1 (figure 1) to 
prevent inaccuracy due to undershoot on Cj. 

To use the Clock Output for driving external synchroniza¬ 
tion circuitry, a pull-down resistor is required from CLOCK 
to GND. 


CLOCK OUT 





Rt(KQ) 

Figure 6. Oscillator Timing Resistance vs. Frequency. 

Figure 6 should be used when oscillator frequencies of 
greater than 300KHz are required. 

For frequencies of less than 300KFfz, oscillator period can 
be determined by the following formulae: 


Tosc = Tc + Td 

(2) 

Tc«0.52RtCt 

(3) 

Td-500Ct 

(4) 


since: fosc - ^ ^ .r- 

•c+Td 


then: fosc o. 52 CtRt+ 500 Ct 

ERROR AMPLIFIER 

The ML48T8 error amplifier is a 2.5 MHz. bandwidth, 
8.5V/ps slew rate op-amp with provision for limiting the 
positive output voltage swing (Output Inhibit line) to 
implement the soft start function. The error amplifier 
output source current is limited to 4.5mA. 
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Figure 7. Error Amplifier Open-Loop Gain and 
Phase vs. Frequency. 



0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 

OUTPUT CURRENT (A) 

Figure 9. Output Saturation Voltage vs. Output Current. 



Figure 8. Power Driver Simplified Schematic. 



Figure 10. Rise/Fall Time. 


OUTPUT DRIVER STAGE 

The ML4818 has four high current high speed totem pole 
output drivers each capable of 1.5A peak output, designed 
to quickly switch the gates of capacitive loads, such as 
power MOSFET transistors. 
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CURRENT LIMIT, FAULT DETECTION AND SOFT START 

When the current (sensed on pin 4) reaches the IV limit, 
the PWM cycle is terminated. The flip flop (figure 11) turns 
on the current source to charge Crst and remains on for 
the duration of the clock period. When Crst has charged 
to 3.4V, a soft start reset occurs. The number of times the 
PWM cycle Is terrninated due to over-current is 
''remembered" on Crst- Over Crst's discharged by 
Rrst providing a measure of "forgetting" when the over¬ 
current condition no longer occurs. 


Since the per cycle charge on RCreset is proportional to 
how early in the power cycle the over-current occurs, a 
reset will occur more quickly under output short circuit 
conditions (figures 12a and 12b) than during a load surge 
(figures 12c and 12d). 

When the soft start reset occurs, the output is inhibited 
and the soft start capacitor is discharged. The output will 
remain off until Crst discharges to 1.3V through Rrst/ 
providing a reset delay. When the 1C restarts, the error 
amplifier output voltage is limited to the voltage at pin 9, 
thus limiting the duty cycle. 


v+ 



Figure 11. Over-Current, Soft-Start, and Integrating Fault Detect Circuits. 




Figure 12a, 12b. I(LIMIT) and Resulting RC(RESET) Figure 12c, 12d. I(LIMIT) and Resulting RC(RESET) 

Waveforms During Short Circuit. Waveforms During Load Surge. 
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UNDER-VOLTAGE LOCKOUT 

On power up, when Vcc is below 16V, the 1C draws very 
little current (1.1 mA typ.) and Vref 'S disabled. When V^c 
rises above 16V, the 1C becomes active and Vref's 
enabled and will stay in that condition until Vcc ^^lis 
below 10.2V. 


POWER 

DOWN 




0.555" 


Cl 

C2 

C3 

C4 

C5 

C6 

C7 

C 8 

C9 

CIO 

Cii 

Cl2 


24: 
23 H 
22 ] 
21 ] 
20 H 

19 ] 
18 ] 
17: 
16 ] 
1.5 ] 
14 ] 
13: 



I 


Figure 13. Under-Voltage Lockout and 
Reference Circuits. 


Figure 15. PC Board Copper Area Used as a Fleat Sink. 




-75 -25 25 75 125 175 0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2 

TEMPERATURE • : HEAT SINK DIMENSION (INCHES) 

Figure 14. Supply Current vs. Temperature (°C). Figure 16. 0 |a as a Function of I (see figure 15). 


THERMAL INFORMATION 

The ML4818 is offered in a Power DIP package. This 
package features improved thermal conduction through 
the leadframe. Much of the heat is conducted through the 
center 4 grounded leads. Thermal dissipation can be 
improved with this package by using copper area on the 
board to function as a heat sink. Increasing this area can 
reduce the 0 ja (see figures 15 and 16), increasing the 
power handling capability of the package. Additional 
improvement may be obtained by using an external heat 
sink (available from Staver). 


APPLICATIONS 

The application, in figure 17, features the ML4818 in a 
primary-side controlled voltage mode application with 
feed-forward. Input voltage is rectified 120VAC (nominal). 
Feed-forward is provided by the ramp on pin 3 via the 
resistor connected to the high voltage input. Current is 
sensed through sense transformer T4. 
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Figure 17. Offline Full Bridge Converter. 
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ORDERING INFORMATION 


PART NUMBER 

TEMPERATURE RANGE 

PACKAGE 

ML4818CP 

0°C to -P70X 

Power DIP (P24P)* 


*Same dimensional outline as (P24N) 
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ML4818EVAL 


Phase Modulation Controller Evaluation Kit 


GENERAL DESCRIPTION 

The ML4818EVAL kit provides a convenient vehicle to 
evaluate the ML4818 Phase Modulation Control 1C. The 
board implements a 200W Phase Modulated Power 
Supply. 

The application circuit is designed to show the performance 
of a 200W isolated AC to DC converter circuit. The circuit 
topology is a full bridge type, suitable for high power and 
very high frequency operation with zero voltage switching 
for high efficiency. The oscillator frequency of the circuit is 
SOOKHz. 

The PC board Is designed around a 200W single output 
application circuit, however the circuit can be modified for 
other power levels and operating conditions. 


KIT COMPONENTS 

■ User's Guide - Includes operating specification, proce¬ 
dure, kit component list, a complete parts list, perfor¬ 
mance data, and a detailed schematic. 

■ ML4818 Datasheet. 

■ Application Note #19: Phase Modulated PWM Topol¬ 
ogy with the ML4818 

■ Blank PC Board 

■ Kit Components - A sample of the ML4818 and addi¬ 
tional components which may be difficult to procure in 
small quantities. 


FEATURES 

■ Zero Voltage Switching (ZVS), high efficiency AC to DC 
power converter circuit 

■ High frequency operation resulting in smaller reactive 
components 

■ Lower conducted and radiated noise due to slower rise 
and fall times 

■ Switching and CV2 losses greatly minimized 

■ Feed-forward compensated voltage mode control 
enables automatic compensation against instantaneous 
line changes 

■ Complete documentation and applications information 

OPERATING SPECIFICATIONS 


Input Voltage Range (switchable) 90 to 260V 

Output Voltage 15V 

Output Power 200W 

Output Current 13A 

Switching Frequency 250Khz. 

Efficiency (V|n=1 20V, Pout=200W) 85% 
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ML4819 


Power Factor and PWM Controller "Combo" 


GENERAL DESCRIPTION 

The ML4819 is a complete boost mode Power Factor 
Control (PFC) which also contains a PWM controller. 
The PFC circuit is similar to the ML4812 while the 
PWM controller can be used for current or voltage 
mode control for a second stage converter. Since the 
PWM and PFC circuits share the same oscillator, 
synchronization of the two stages is inherent. The 
outputs of the controller IC provide high current 
(>1A peak) and high slew rate to quickly charge and 
discharge MOSFET gates. Special care has been taken 
in the design of the ML4819 to increase system noise 
immunity. 

The PFC section is a peak current sensing control 
which uses a current sense transformer or SENSE FET 
to non-dissipatively sense switch current, giving the 
system improved overall efficiency over the average 
current sensing control method. 


The PWM section includes cycle by cycle current 

limiting, precise duty cycle limiting for single ended 

converters, and slope compensation. 

FEATURES 

■ Two 1A Peak Current Totem-Pole Output Drivers 

■ Precision buffered 5V Reference (±1%) 

■ Large oscillator amplitude for better noise 
immunity 

■ Precision duty cycle limit for PWM section 

■ Current input multiplier reduces external 
components and improves noise Immunity 

■ Programmable Ramp Compensation circuit 

■ Over-Voltage comparator eliminates output 
"runaway" due to load removal 

■ Wide common mode range in current sense 
comparators for better noise immunity 

■ Under-Voltage Lockout circuit with 6V hysteresis 


BLOCK DIAGRAM (Pin out shown is for DIP) 
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ML4819 

PIN CONFIGURATIONS 


ML4819 
20-Pin DIP 


ML4819 
20-Pin SOIC 


KSENSE) A L 1 
CWP [ 2 
MULTIPLIER [ 3 
EA OUTA [ 4 
INVA [ 5 
KSINE) [ 6 
DUTY CYCLE [ 7 
PWM B [ 8 
KSENSE) B [ 9 


7^ 

20 

] CCD 

KSENSE) A EX 

1 

20 

2 

19 

] GND 

OVP EX 

2 

19 

3 

18 

] V(REF) 

MULTIPLIER EX 

3 

18 

4 

5 

17 

16 

] PGND A 
] OUT A 

EAOUTA EX 

4 

17 

6 

15 

] Vcc 

INVA EX 

5 

16 

7 

14 

] OUT B 

KSINE) EX 

6 

15 

8 

13 

] PGND B 

DUTY CYCLE CX 

7 

14 

9 

12 

] RAMP COMP 

PWMB EX 

8 

13 

10 

11 

] KLIM) 

KSENSE) B EX 

9 

12 

TOP VIEW 


R(T) EX 

10 

11 


20 13 cm 

19 X] GND 
18 13 V(REF) 

17 13 PGNDA 
16 13 OUTA 
15 X] Vcc 
14 13 OUTB 
13 X] PGNDB 
12 XU RAMP COMP 
11 13 l(LIM) 


PIN DESCRIPTION 

PIN# NAME _ FUNCTION __ 

1 l(SENSE) A Input from the PFC Current 

Sense Transformer to the PWM 
comparator (+). Current Limit 
occurs when this point reaches 
5V 

2 OVP Input to over voltage comparator. 

3 MULTIPLIER Output of Current Multiplier. A 

resistor to ground on this pin 
converts the current to a voltage. 

4 EA OUT A Output of error amplifier. 

5 INV A Inverting input to error amplifier. 

6 l(SINE) Current Multiplier input. 

7 DUTY CYCLE PWM controller duty cycle is 

limited by setting this pin to a 
fixed voltage. 

8 PWM B Error voltage feedback Input. 

9 l(SENSE) B Input for Current Sense resistor 

for current mode operation or 
for Oscillator ramp for voltage 
mode operation. 

10 R{T) Oscillator timing resistor pin. A 

5V source across this resistor sets 
the charging current for C(T). 


PIN # 

NAME 

FUNCTION 

11 

l(LIM) 

Cycle by cycle PWM current 
limit. Exceeding IV threshold on 
this pin terminates the PWM 
cycle. 

12 

RAMP COMP 

Buffered output from the 
Oscillator Ramp (C(T)). A resistor 
to ground sets a current 1/2 of 
which is sourced on pins 9 and 

11. 

13 

GND B 

Return for the high current 
totem pole output of the PWM 
controller. 

14 

OUT B 

PWM controller totem pole 
output. 

15 

Vcc 

Positive Supply for the 1C. 

16 

OUT A 

PFC controller totem pole output. 

17 

GND A 

Return for the high current 
totem pole output of the PFC 
controller. 

18 

V(REF) 

Buffered output for the 5V 
voltage reference. 

19 

GND 

Analog signal ground. 

20 

C(T) 

Timing Capacitor for the 
Oscillator. 
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ABSOLUTE MAXIMUM RATINGS 

Absolute maximum ratings are those values beyond which the 
device could be permanently damaged. Absolute maximum 
ratings are stress ratings only and functional device operation 
Is not implied. 


Supply Voltage (Vcc) .. 35V 

Output Current, Source or Sink (Pin 12) 

DC .. 1.0A 

Output Energy (capacitive load per cycle) . 5/wJ 

Multiplier l(SINE) Input (Pin 6) . 1.2mA 

Error Amp Sink Current (Pin 3) . 10mA 

Oscillator Charge Current . 2mA 

Analog Inputs (Pins 1, 4, 5) . -0.3V to 5.5V 


Junction Temperature . 150°C 

Storage Temperature Range . -65°C to +150°C 

Lead Temperature (Solderirig 10 sec) . +260°C 

Thermal Resistance (^j^) 

Plastic DIP or SOIC . 65®C/W 


OPERATING CONDITIONS 

Temperature Range 

ML4819C . 0°C to +70°C 


ELECTRICAL CHARACTERISTICS 

Unless otherwise specified, Rj = 14KQ, Cj = lOOOpF, Ta = Operating Temperature Range, Vcc = 15V (note 2) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Oscillator 

Initial Accuracy 

Tj = 25°C 

90 

97 

104 

KHz 

Voltage Stability 

12V < Vcc < 25V 


0.2 


% 

Temperature Stability 



2 


% 

Total Variation 

line, temp 

88 


106 

KHz 

Ramp Valley 



0.9 


V 

Ramp Peak 



4.3 


V 

R(T) Voltage 


4.8 

5.0 

5.2 

V 

Discharge Current (pin 8 open) 

Tj = 25°C, Vp,N 16 = 2V 

7.5 

8.4 

9.3 

mA 

Vp,N 16 = 2V 

7.2 

8.4 

9.5 

mA 


Duty Cycle Limit Comparator 


Input Offset Voltage 


-15 


15 

mV 

Input Bias Current 



-2 

-10 

M 

Duty Cycle 

VpiN 7 - Vref/2 

43 

45 

49 

% 


Reference Section 


Output Voltage 

Tj = 25°C, Iq = 1mA 

4.95 

5.00 

5.05 

V 

Line Regulation 

12V < Vcc < 25V 


2 

20 

mV 

Load Regulation 

1mA < Iq < 20mA 


8 

25 

mV 

Temperature Stability 



.4 


% 

Total Variation 

line, load, temp 

4.9 


5.1 

V 

Output Noise Voltage 

10Hz to lOKHz 


50 


/iV 

Long Term Stability 

Tj = 125®C, 1000 hrs, (note 1) 


5 

25 

mV 

Short Circuit Current 

Vref = 0V 

-30 

-85 

-180 

mA 


Error Amplifier Section 


Input Offset Voltage 


-15 


15 

mV 

Input Bias Current 



-0.1 

-1.0 

M 

Open Loop Gain 

1<Vp,N4<5V 

60 

75 


dB 

PSRR 

12V < Vcc < 25V 

60 

90 


dB 

Output Sink Current 

Vp,N 4 = 1.1V, Vp,N 5 = 5.2V 

2 

12 


mA 
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ELECTRICAL CHARACTERISTICS (Continued) 

Unless otherwise specified, Rj = 14KO, Ct = lOOOpF, = Operating Temperature Range, Vcc = ISV (note 2) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Error Amplifier Section (Continued) 

Output Source Current 

VpiN 4 = 5.0V, Vp,N 5 = 4.8V 

-0.5 

-1.0 


mA 

Output High Voltage 

IpiN 4 ~ -0.5mA, Vpifsj 5 = 4.8V 

6.5 

7.0 


V 

Output Low Voltage 

I PIN 4 = 2mA, VpiN 5 = 5.2V 


0.7 

1.0 

V 

Unity Gain Bandwidth 



1.0 


MHz 


Multiplier 


l(SINE) Input Voltage 

l(SINE) = 500A/A 

•4 

.7 

.9 

V 

Output Current (pin 2) 

l(SINE) = 500M. Pin 5 = Vrep - 20mV 

460 

495 

505 

M 


l(SINE) = 500/uA, Pin 5 = Vref + 20mV 


0 

10 

M 


l(SINE) = 1mA, Pin 5 = Vref - 20mV 

900 

990 

1005 

M 

Bandwidth 



200 


KHz 

PSRR 

12V < Vcc < 25V 


70 


dB 


Slope Compensation Circuit 


RAMP COMP Voltage (pin 12) 



VpiN 20 - 1 


V 

Iqut (pin 1 or pin 9) 

I PIN 12 ~ 100/t/A (note 3) 

45 

48 

51 

jjA 


OVP Comparator 


Input Offset Voltage 

Output Off 

-15 


15 

rflV 

Hysteresis 

Output On 

100 

120 

140 

mV 

Input Bias Current 



-0.3 

-3 

M 

Propagation Delay 

■ 


150 


ns 


l(SENSE) Comparators A and B 


Input Common Mode Range 


-0.2 


5.5 

V 

Input Offset Voltage 

l(SENSE) A 

-15 


15 

mV 

l(SENSE) B 

+0.4 

0.7 

+0.9 

V 

Input Bias Current 



-3 

-10 

M 

Input Offset Current 


-3 

0 

+3 

M 

Propagation Delay 


■■ 

150 


ns 

Ilimit (A) Trip Point 

Vp,N3 = 5.5V 

4.8 

:_ L_J 

5.2 

V 


l(LIM) Comparator 


Ilimit Trip Point 


.95 

1.0 

1.05 

V 

Input Bias Current 



-2 

-10 

M 

Propagation Delay 



150 

_1 

ns 


Output Section (A and B) 


Output Voltage Low 

Iqut == -20mA 


0.1 

0.4 

V 

louT ~ -200mA 


1.6 

2.2 

V 

Output Voltage High 

Iqut ~ 20mA 

13 

13.5 


V 

Iqut = 200mA 

12 

13.4 


V 

Output Voltage Low in UVLO 

louT ~ —1mA, Vcc — 


0.1 

0.8 

V 

Output Rise/Fall Time 

Cl = 1000pF 


50 


ns 
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ELECTRICAL CHARACTERISTICS (Continued) 

Unless otherwise specified, Rj = 14KO, Cy = lOOOpF, Ta = Operating Temperature Range, Vcc = ISV (note 2) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Under Voltage Lockout 

Start-Up Threshold 


15 

16 

17 

V 

Shut-Down Threshold 


9 

10 

11 

V 

Vref Good Threshold 



4.4 


V 


Total Device 


Supply Current 

Start-Up, Vcc = W 


.6 

1.2 

mA 


Operating, Tj = 25®C 


25 

35 

mA 


Note 1: This parameter not 100% tested in production but guaranteed by design. 

Note 2: V^c is raised above the Start-up Threshold first to activate the 1C, then returned to 15V. 
Note 3: PWM comparator bias currents are subtracted from this reading. 


FUNCTIONAL DESCRIPTION 

OSCILIATOR 


The ML4819 oscillator charges the external capacitor 
(Cj) with a current (Iset) equal to 5 /Rsej. When the 
capacitor voltage reaches the upper threshold, the 
comparator changes state and the capacitor discharges 
to the lower threshold through Q1. While the capacitor 
is discharging, Q2 provides a high pulse. 

The Oscillator period can be described by the 
following relationship: 


Tosc - Tramp + Tdeadtime 

where: 


and: 


Tramp - 


C (Ramp Valley to Peak) 
•set 


Tdeadtime - 


C (Ramp Valley to Peak) 
(8.4mA — Iset) 


The maximum duty cycle of the PWM section can be 
limited by setting a threshold on pin Z When the C(T) 
ramp is above the threshold at pin 7, the PWM output 
is held off and the PWM flip-flop is set: 


_ Dqsc Z^ (VpiN 7 - 0-9) 
Ulimit =-rz-— 


I-- 



CLOCK OUT 


RAMP PEAK 
C(D 

RAMP VALLEY 



Where: 


Figure 1. Oscillator Block Diagram 


Dlimit = Desired duty cycle limit 
Dose = Oscillator duty cycle 
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Vcc = 15V 
Ta = 25°c 
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SLOPE COMPENSATION 

Slope compensation is accomplished by adding 1/2 of 
the current flowing out of pin 12 to pin 1 (for the PFC 
section) and pin 9 (for the PWM section). The amount 
of slope compensation is equal to (IpiN 12 / 2 ) x Rl where 
Rl is the impedance to GND on pin 1 or pin 9. Since 
most of the PWM applications will be limited to 50% 
duty cycle, slope compensation should not be needed 
for the PWM section. This can be defeated by using a 
low impedance load to the current sense on pin 9. 



Figure 7. Slope Compensation Circuit 



SINE INPUT CURRENT (/uA) 


Figure 8. Multiplier Linearity 

UNDER VOLTAGE LOCKOUT 

On power-up the ML4819 remains in the UVLO 
condition; output low and quiescent current low. The 
1C becomes operational when Vcc reaches 16V When 
Vcc drops below 10V, the UVLO condition is imposed. 
During the UVLO condition, the 5V Vrep pin Is "off", 
making it usable as a "flag". 



Figure 9. Under-Voltage Lockout Block Diagram 



0 10 20 30 40 


Vcc, SUPPLY VOLTAGE (V) 

Figure 10a. Total Supply Current vs. Supply Voltage 



TEMPERATURE (°C) 

Figure 10b. Total Supply Current (l^c) vs. Temperature 
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Iref, reference source current (mA) 

Figure 11. Reference Load Regulation 

APPLICATIONS 


VoUT “ 


ViN 

1 - Don , 


( 1 ) 


Where Dqn is the duty cycle [TonATqn + Toff)]- The 
input boost inductor will dry out when the following 
condition is satisfied: 


ViN(t) < VouT X n - Don) . (2) 

or ■ ' 

V|NDRY = [1 - Don (max)] x Vout (3) 


Vindry- Voltage where the inductor dries out. 

Vout- Output dc voltage. 

Effectively, the above relationship shows that the 
resetting volt-seconds are more than setting volt- 
seconds. In energy transfer terms this means that less 
energy is stored in the inductor during the ON time 
than it is asked to deliver during the OFF time. The net 
result Is that the Inductor dries out. 


The recommended rnaximum duty cycle is 95% at 
lOOKFtz to allow tirhe for the input inductor to dump 
its energy to the output capacitors. 


POWER FACTOR SECTION 

The power factor section in the ML4819 Is similar To the 
power factor section in the ML4812 with the exception 
of the operation of the slope compensation circuit. 
Please refer to the ML4812 data sheet for more 
information. 

The folloyving calculations refer to figure 12. The 
component designators in the equations below refer to 
the following components in figure 12: 

Rt = R16, Cj = C6. 

INPUT INDUCTOR (LI) SELECTION 

The central component in the regulator Is the Input 
boost inductor. The value of this inductor controls 
various critical operational aspects of the regulator. If 
the value is too low, the input current distortion will be 
high and will result in lovy power factor and increased 
noise at the input. This will require more input filtering. 
In addition, when the value of the Inductor is low the 
inductor dries out (runs out of current) at low currents. 
Thus the power factor will decrease at lower power 
levels and/or higher line voltages. If the inductor value 
is too high, then for a given ojDerating current the 
required size of the inductor core will be large and/or 
the required number of turns will be high. So a 
balance must be reached between distortion and core 
size. 

One more condition where the inductor can dry out is 
analyzed below where it is shown to be maximum duty 
cycle dependent. 

For the boost converter at steady state: 


For example: 

if: Vout = 380V and 

Don (max) = 0.95 


then substituting in (3) yields Vindry = 20V. The effect 
of drying out is an increase in distortion at low 
voltages. 

For a given output power, the instantaneous value of 
the input current is a function of the input sinusoidal 
voltage waveform, i.e. as the input voltage sweeps from 
zero volts to a maximum value equal to its peak so 
does the current. 

The load of the power factor regulator is usually a 
switching power supply which is essentially a constant 
power load. As a result, an increase in the input voltage 
will be offset by a decrease in the input current. 


By combining the ideas set forth above, some ground 
rules can be obtained for the selection and design of 
the input inductor: 

Step 1: Find minimum operating current. 


1.414 X P|N(min) 

l|N(mln)pEAK = 7 ~~ -7“ 

V|N(max) 

V|N(max) = 260V 
PlN(miri) = 50W 
then: l|N(min)pFAK ~ 0.272A 


(4) 


Step 2: Choose a minimum current at which point the 
inductor current will be on the verge of drying 
out. For this example 40% of the peak current 
found in step 1 was chosen. 


then: Ildry = 100mA 
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Step 3; The value of the inductance can now be found 
using previously calculated data. 

^ ^INDRY ^ DQN('T^ax) 

Ildry fosc 
20V X 0.95 

=-— = 2mH 

100mA xioOKHz 

The Inductor can be allowed to decrease in value 
when the current sweeps from minimum to maximum 
value. This allows the use of smaller core sizes. The 
only requirement is that the ramp compensation must 
be adequate for the lower Inductance value of the core 
so that there is adequate compensation at high current. 

Step 4: The presence of the ramp compensation will 
change the dry out point, but the value found 
above can be considered a good starting point. 
Based on the amount of power factor 
correction the above value of L1 can be 
optimized after a few iterations. 

Gapped Ferrites, Molypermalloy, and Powdered Iron 
cores are typical choices for core material. The core 
material selected should have a high saturation point 
and acceptable losses at the operating frequency. 

One ferrite core that is suitable at around 200W is the 
#4229PL00-3C8 made by Ferroxcube. This ungapped 
core will require a total gap of 0.180" for this 
application. 

OSCILLATOR COMPONENT SELECTION 

The oscillator timing components can be calculated by 
using the following expression: 

1.36 

fosc = - — (6) 

Rj X Cj 

For example: 

Step 1: At lOOKHz with 95% duty cycle Tqff = 500ns 
calculate Cj using the following formula: 

Tqff ^ Idis 

Ct = - = lOOOpF (7) 

Vosc 

Step 2: Calculate the required value of the timing 
resistor. 

1.36 1.36 

R--(3) 

lOOKHz X lOOOpF 
= 13.6KQ choose Rj = 14KQ. 

CURRENT SENSE AND SLOPE (RAMP) COMPENSATION 
COMPONENT SELECTION 

Slope compensation in the ML4819 is provided 
internally. A current equal to Vqj)/2(R18) is added to 
l(SENSE) A (pin 1). This is converted to a voltage by RIO, 
adding slope to the sensed current through T1. The 
amount of slope compensation should be at least 50% 
of the downslope of the inductor current during the off 


time as reflected on pin 1. Note that slope 
compensation Is a requirement only if the inductor 
current is continuous and the duty cycle is more than 
50%. The highest inductor downslope is found at the 
point of inductor discontinuity: 

dii Vb - V|N DRY 380V-20V 

dt L 2mH 

= 0.18A///s 

The downslope as reflected to the input of the PWM 
comparator is given by: 

^ mi 

LI Nc 

Where Nc is the turns ratio of the current transformer 
(T1) used: In general, current transformers simplify the 
sensing of switch currents especially at high power 
levels where the use of sense resistors is complicated 
by the arhount of power they have to dissipate. 

Normally the primary side of the transformer consists of 
a single turn and the secondary consists of several turns 
of either enameled magnet wire or insulated wire. The 
diameter of the ferrite core used in this example is 0.5" 
(SPANG/Magnetics F41206-TC). The rectifying diode at 
the output of the current transformer can be a 1N4148 
for secondary currents up to 75mA average. 

Sense FETs or resistive sensing can also be used to 
sense the switch current, the sensed signal has to be 
amplified to the proper level before it is applied to the 
ML4819. 

The value of the ramp compensation (SCpwm) as seen 
at pin 1 is: 

2.5 X Rq 

SCpwM-—7^—— (11) 

Ri 6 X Ce X r^8 

The required value for R^g can therefore be found by 
equating: 

SCpwM = Asc ^ SpwM 

where A^q is the amount of slope compensation and 
solving for Ri8. 

The value of Rg (pin 2) depends on the selection of R 2 
(pin 6) 


V|N(max)pEAK 

260 1.414 

=- = 510K 

(12) 

IsiNE(peak) 

0.72mA 

VcLAMP ^1^2 

4.8 X 510K 

= --^ 22K 

(13) 

V|N(min)pEAK 

80 X 1.414 


Choose R9 = 27K 

The peak of the inductor current can be found 
approximately by: 

1.414 X Pout 1.414 x 200 
Ilpeak - - — - 3.14A (14) 

V|N(mm)RMS 90 
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Selection of Nq which depends on the maximum 
switch current, assume 4A for this example Is 80 turns. 




VcLAMP ^ Nc _ 4.8 X 80 _ 
Ilpeak 4 


(15) 


Where Rii is the sense resistor, and Vclamp's the 
current clamp at the inverting input of the PWM 
comparator. This clamp is internally set to 5V. In actual 
application it is a good idea to assume a value less than 
5V to avoid unwanted current limiting action due to 
component tolerances. In this application Vclamp was 
chosen as 4.8V. 


Having calculated R-n the value SpwM ^nd of R^g can 
now be calculated: 


5pWM - 
1^18 


380V - 20 100 


2mH 80 
2.5 X Rg 


= 0.225V///S 


1^18 - ■ 


Asc ^ 5pwM X Rt ^ Cj 
2.5 X 27K 


(16) 


0.7 X (.225 X 106) X 14K X lnF 
Choose R18 = 33K 


-= 30K 


1 


Q = - 

3.142 X R 5 X BW 
1 

Q =- = 0.44//F 

3.142 X 356K x 2Hz 


(19) 


OVERVOLTAGE PROTECTION (OVP) COMPONENTS 


The OVP loop should be set so that there Is no 
Interaction with the voltage control loop. Typically it 
should be set to a level where the power components 
are safe to operate. Ten to fifteen volts above Vqut 
seems to be adequate. This sets the maximum transient 
output voltage to about 395V. 


By choosing the high voltage side resistor of the OVP 
circuit the same way as above i.e. Rj = 356K then Rq 
can be calculated as: 


Vref ^ R 7 
Vovp - VreF 


5V X 356K 
395V - 5V 


- 4.564K 


( 20 ) 


Choose 4.53K, 1%. 


Note that R 5 , Re, R? and Re should be tight tolerance 
resistors such as 1 % or better. 


The following values were used in the calculation: OFF-LINE START-UP AND BIAS SUPPLY GENERATION 


Rg = 27K Asc = 0.7 

Rt = 14K Ct = InF 


VOLTAGE REGULATION COMPONENTS 


The values of the voltage regulation loop components 
are calculated based on the operating output voltage. 
Note that voltage safety regulations require the use of 
sense resistors that have adequate voltage rating. As a 
rule of thumb if 1/4W resistors are available, two of 
them should be used in series. The input bias current 
of the error amplifier is approximately 0.5//A, therefore 
the current available from the voltage sense resistors 
should be significantly higher than this value. Since two 
1/4W resistors have to be used the total power rating is 
1/2W. The operating power is set to be 0.4W then with 
380V output voltage the value can be calculated as 
follows: 


R 5 = (380V)2/0.4W = 360K (17) 

Choose two 178K, 1% connected In series. 

Then R^ can be calculated using the formula below: 


Vref X R 5 5Vx 356K 

-2--4 747K 

Vb - Vref 380V - 5V 


(18) 


Choose 4.75K, 1%. One more critical component in the 
voltage regulation loop is the feedback capacitor for 
the error amplifier. The voltage loop bandwidth should 
be set such that it rejects the 120Hz ripple which is 
present at the output. If this ripple is not adequately 
attenuated it will cause distortion on the input current 
waveform. Typical bandwidths range anywhere from a 
few Hertz to 15Hz. The main compromise is between 
transient response and distortion. The feedback 
capacitor can be calculated using the following formula: 


The Start-Up Circuit in figure 12 can be either a "bleed 
resistor" (39Kn, 2W) or the circuit shown In figure 13. 
The bleed resistor method offers the advantage of 
simplicity and lowest cost, but may yield excessive turn¬ 
on delay at low line. 

When the voltage on pin 15 (Vcc) exceeds 16V, the 1C 
starts up. The energy stored on the C10 supplies the IC 
with running power until the supplemental winding on 
T3 can provide the power to sustain operation. 



ENHANCEMENT CIRCUIT 

The theory of operation of the power factor 
enhancement circuit (inside the dotted lines) In Figure 
11 is described in APPLICATION NOTE 11 in detail. It 
improves the power factor and lowers the input current 
harmonics. Note that the circuit meets the proposed 
lEC 555 specifications (with the enhancement) on the 
harmonics with a large margin while correcting the 
input power factor to better than 0.99 under most 
steady state operating conditions. 
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PWM SECTION 

The PWM section in figure 12 is a two switch forward 
converter, shown in figure 14 below for clarity. This fully 
clamped circuit eliminates the need for very high 
voltage MOSFETs. Flyback topology is also possible with 
the ML4819. 



Figure 14. Two-Switch Forward Converter 

This regulator (figure 12) uses current mode control. 
Current is sensed through R24 and filtered for high 
frequency noise and leading edge transient through 
R23 and C14. The main regulation loop Is through 
PWM B. The TL431 (U3) in the secondary serves as both 
the voltage reference and error amplifier, with Isolation 
provided by an opto coupler (U2) providing a current 
command signal on pin 8. Loop compensation is 
provided by R29 and C20. The output voltage Is set by: 

VouT = 2.5 ( 1 (21) 

' R 28 ' 

The control loop is compensated using standard 
compensation techniques. 

Current is limited to a threshold of 2A (IV on R24). The 
duty cycle is limited in this circuit to below 50% to 
prevent transformer (T3) core saturation. The maximum 
duty cycle limit of 45% is set using a threshold of 
Vref/ 2 on pin 7. 

The circuit in figure 12 can be modified for voltage 
mode operation by utilizing the slope current which 
appears on pin 9 as shown in figure 15 below. 

The ramp amplitude appearing on pin 9 will be 

Vr X R(V) (22 ) 

where R^s Is the slope cornpensatlon resistor. Since this 
circuit operates with a constant input voltage (as 
supplied by the RFC section) voltage feed-forward is 
unnecessary. 



Figure 15. Voltage Mode Configuration 

CONSTRUCTION AND LAYOUT TIPS 

High frequency power circuits require special care 
during breadboard construction and layout. Double 
sided printed circuit boards with ground plane on one 
side are highly recommended. All critical switching 
leads (power FET, output diode, 1C output and ground 
leads, bypass capacitors) should be kept as small as 
possible. This is to minimize both the transmission and 
pick-up of switching noise. 

There are two kinds of noise coupling; inductive and 
capacitive. As the name implies inductive coupling is 
due to fast changing (high dl/dt) circulating switching 
currents. The main source Is the loop formed by Q1, 

D6, and C3-C4. Therefore this loop should be as small 
as possible, and the above capacitors should be good 
high frequency types. 

The second form of noise coupling is due to fast 
changing voltages (high dv/dt). The main source in this 
case is the drain of the power FET. The radiated noise 
in this case can be minimized by insulating the drain of 
the FET from the heatsink and then tying the heatsink 
to the source of the FET with a high frequency 
capacitor. 

The 1C has two ground pins named PWR GND and 
Signal GND. These two pins should be connected 
together with a very short lead at the printed circuit 
board exit point. In general grounding Is very important 
and ground loops should be avoided. Star grounding 
schemes are preferred. 
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Component Values/Bill of Materials for Figure 12 


Component 

Description 

C1, C3 

0.6/jV, 630V Film (250 VAC) 

C2 

330ywF, 400V Electrolytic 

C4 

6800pF, 1KV Ceramic 

C5, C6 

lOOOpF 

C7 

10/yF, 35V 

C8, C11, C13, C15, C16 

Ceramic 

C9, C20, C21 

0.1 ywF, Ceramic 

C10 

1500/7F, 25V Electrolytic 

C12, C17 

1/yF, Ceramic 

C14 

2200pF 

C18 

1500ywF, 16V Electrolytic 

C19 

4.7//F 

D1-D5 

1N5406 

D6 

MUR850 

DZ D10 

1N4148 

D8 

3V Zener diode or 4 x 1N4148 
in series 

D9 

MUR110 

D11, D12 

MUR150 

D13 

D83-004K 

D15 

1N4001 

D16, D14 

1N5818 or 1N5819 

FI 

5A, 250y 3AG 

L1 

2mFI, 4A IpEAK 

Core: Ferroxcube 4229-3C8 

150 Turns #24 AWG 

0.150" gap 

L2 

10/yH 

Core: Spang OF 43019 UGOO 

8 Turns #15AWG gap 0.05" 

Q1-Q3 

IRF840 

Q4, Q5 

2N2222 

Q6 

IRF821 

R1 

330K 

R2, R31 

510K 

R3 

5.6K 


Component 

Description 

R4 

12K 

R5, R7 

357K, 1% 

R6 

4.75K, 1% 

R8 

4.53K, 1% 

R9 

27K 

RIO, R18 

33K 

R11 

910 

R12, R22 

10O 

R13, R14 

4.7K 

R15 

4.3K 

R16 

15K 

R17 

3Q 

R20 

7.50 

R21, R19 

3K 

R23 

100O 

R24, R25 

10 

R26 

1.5K 

R27 

1.2K 

R28 

8.66K, 1% 

R29 

2.26K, 1% 

R30 

2K, 1W 

R32, R33 

2K 

T1 

Spang F41206-TC or 

Siemens B64290-K45-X27 or X830 or 
Ferroxcube 768T188-3C8 

Ns = 80, Np = 1 

T2 

Same core as T1 

Ns = Np = 15 bifilar 

T3 

Core: Ferroxcube 4229-3C8 

Pri. 44 Turns #18 Litz wire 

Sec. 4 Turns of copper strip 

Aux. 2 Turns #24 AWG 

U2 

MOC8102 

U3 

TL431 
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ML4819 

ORDERING INFORMATION 



TEMPERATURE 


PART NUMBER 

RANGE 

PACKAGE 

ML4819GP 

0®G to +70°G 

Molded DIP (P20) 

ML4819CS 

0 °G to +70°G 

Molded PCC (S20W) 
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PRELIMINARY 


ML4821 

Power Factor Controller 


GENERAL DESCRIPTION 

The ML4821 provides the complete control for a "boost" 
type power factor correction system using the average 
current sensing method. Special care has been taken in 
the design of the ML4821 to increase system noise 
immunity. The circuit includes a precision reference, 
multiplier, average current error amplifier, output error 
amplifier, over-voltage protection comparator, shutdown 
logic, as well as a high current output. In addition, start¬ 
up is simplified by an under-voltage lockout circuit with 
7V hysteresis. 

In a typical application, the ML4821 controls the average 
current, adjusting the pulse width of the output to 
modulate the current so that its shape conforms to the 
shape of the input voltage. The reference for the current 
regulator is a product of the sinusoidal line voltage times 
the output of the error amplifier which is regulating the 
output DC voltage. Average line voltage compensation is 
provided in the multiplier to ensure constant loop gain 
over a wide input voltage range. This compensation 
includes a special "brown-out" control which reduces 
output power below 90V RMS input. 

For applications information. Please see Applications 
Note 16. 


The ML4821 uses Micro Linears bipolar array technology 

which allows for customization of the 1C for a user's 

specific application. Please consult Micro Linear for semi¬ 
standard options. 

FEATURES 

■ Average current sensing for lowest possible 
harmonic distortion 

■ Average Line compensation with Brown-out control 

■ Precision buffered 5V Reference (±1 %) 

■ Current Input Multiplier reduces external components 
and improves noise immunity 

■ 1A Peak Current Totem-Pole Output Drive 

■ Over-Voltage comparator eliminates output "runaway" 
due to load removal 

■ Wide common mode range in current sense 
comparators for better noise immunity 

■ Large oscillator amplitude for better noise immunity 

■ Output Driver internally limited to 17V 

■ "Sleep mode" shutdown input 
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ML4821 

PIN CONNECTION 


ML4821 
18-Pin DiP 



TOP VIEW 


PIN DESCRIPTION 

PIN 

NO. NAME FUNCTION 

1 Ilim Peak cycle-by-cycle Current limit 

input. 

2 lA OUT Output and compensation node of the 

average current error amplifier. 

3 lA- Inverting input of the average current 

error amplifier. 

4 IA+ Non-Inverting input of the average 

current error amplifier and output of 
the multiplier. 

5 IsiNE Current Multiplier input. 

6 EA OUT Output of output voltage error 

amplifier. 

7 INV Inverting input to error amplifier. 

8 Vrms Input for Average Line Voltage 

compensation 

9 SOFT Normally connected to Soft Start 

START Capacitor 


ML4821 
20-Pin S01C 



TOP VIEW 


PIN 

NO. NAME FUNCTION 

10 SYNC Oscillator synchronization input 

11 OVP Inhibits output pulses when the 

voltage at this pin exceeds 5V. Also, 
when the voltage at this pin is less 
than 0.7V, the IC goes into low current 
shut-down mode. 


12 

Rj 

Timing Resistor for the Oscillator 

13 

PWR 

GND 

Return for the High Current Totem 
pole output. 

14 

OUT 

High Current Totem pole output. 

15 

Vcc 

Positive Supply for the IC. 

16 

Vref 

Buffered output for the 5V voltage 
reference. 

17 


Timing Capacitor for the Oscillator. 

18 

GND 

Analog signal ground. 
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ABSOLUTE MAXIMUM RATINGS 


Supply Current (Ice).35mA 

Output Current, Source or Sink (pin 14) 

DC.1.0A 

Output Energy (capacitive load per cycle).5}xJ 

Multiplier Isine Input (pin 5).1.2mA 

Error Amp Source Current (pin 6).50mA 

Oscillator Charge Current.2rnA 

Analog Inputs (pins 1,3,4, 7,8,9,10,11).-0.3V to 5.5V 

Junction Temperature.150°C 

Storage Temperature Range...-65°C to +1 SOX 

Lead Temperature (Soldering 10 sec.).+260X 

Thermal Resistance (0ja) 

Plastic DIP.65XAA/ 

Plastic SOIC. 65XAV 


OPERATING CONDITIONS 

Temperature Range 

ML4821C.....OX to +70X 

Absolute maximum ratings are those values beyond which 
the device could be permanently damaged. Absolute 
maximum ratings are stress ratings only and functional 
device operation is not implied. 


ELECTRICAL CHARACTERISTICS 

Unless otherwise specified, Rj = 6.2K^2, Cy = 720pF, T^ = Operating Temperature Range, V^c = 1 5V (Note 2). 


PARAMETER 

CONDITIONS 

MIN 

TYP. 

MAX 

UNITS 

OSCILLATOR 

Initial accuracy 

Ta = 25X 

90 

100 

110 

KHz 

Voltage stability 

12V < Vec < 18V 


1 


% 

Temperature stability 



2 


% 

Total Variation 

Line, Temperature 

85 


115 

KHz 

Ramp Valley to Peak 


4.7 

5.2 

5.6 

V 

Rj Voltage 


4.8 

-1 

5.0 

5.2 

V 

Discharge Current (pin 12 open) 

Vp|N17 = 2V 

7.8 

8.4 

9.3 

mA 

Sync Input Threshold 

_1 


1.5 

2.0 

2.5 

V 


REFERENCE SECTION 


Output Voltage 

Ta - 25X, lo = 1 mA 

4.95 

1 

5.00 

5.05 

V 

Line regulation 

12V < Vcc < 24V 


2 

10 

mV 

Load regulation 

1 mA < Iq < 20mA 


2 

15 

mV 

Temperature stability 



.4 


% 

Total Variation 

line, load, temp 

4.9 


5.1 

V 

Output Noise Voltage 

10Hz to lOKHz 


50 


gV 

Long Term Stability 

Ta= 125X, 1000 hrs, (Hotel) 


5 

■ 25 

mV 

Short Circuit Current 

Vref = 0V 

-30 

-85 

-180 

mA 


VOLTAGE ERROR AMPLIFIER (EA) 


Input Offset Voltage 


0 


-15 

mV 

Input Bias Current 



-50 

-800 

nA 

Open Loop Gain 

2 < Vp||si5 < 6V 

60 

75 


dB 

PSRR 

12V< Vcc<24V 

70 

100 


dB 

Output Sink Current 

VpiN6 = 4V, VpiNz = 5.5V 

300 

500 


pA 

Output Source Current 

Vp,N6 = 4.0 V,Vp,N7 = 4.8V 

-10 

-30 


mA 
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ELECTRICAL CHARACTERISTICS (Continued) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

VOLTAGE ERROR AMPLIFIER (EA) (Continued) 

Output High Voltage 

lpiN6 = -5mA, VpiN 7 = 4.8V 

7.0 

7.5 


V 

Output Low Voltage 

lpiN6 = 0/ VpiN7 = 5.5V 


0 

0.5 

V 

Unity Gain Bandwidth 



1.0 


MHz 

Soft Start Charge Current 

VpiN9 = 3V 

-25 

-38 

■ -55 

pA 


CURRENT AMPLIFIER (lA) 


Input Offset Voltage 


-1.5 


+2.5 

mV 

Input Bias Current 



-0.15 

-1 

pA 

Input Offset Current 

i 



-i-400 

nA 

Open Loop Gain 

2 < Vp,N6 < 7V 

80 

100 


dB 

PSRR 

12V<Vcc<24V 

65 

85 


dB 

Output Voltage Low 

Iql = 300pA 


0 

0.5 

V 

Output Voltage High 

loH = -10rn'^ 

7.0 

7.5 


V 

Input Common Mode Range 


-0.3 


2.5 

V 


MULTIPLIER 


Gain 

VpiNz = 4.8V, VpiNs = OV 

Vp,N7 = 4.8V, Vp,N8 = 1.75V 

Vp,N7 = 4.8V, Vp,N8 = 2.6V 

Vp,N7 = 4.8V, VpiN8 = 5.2V 

0.9 

3.25 

1.35 

0.25 

1.2 

3.88 

1.75 

0.38 

1.3 

4.40 

2.15 

0.50 


Output Current 

VpiN7 = 5.2V, Vp,N8 = 5.2V I 


-2 

-4 

pA 

Output Current Limit 

VpiNz = 4.8V, Ipiisi 5 = 500mA, 

Vp,N8= 1.75V 

370 

395 

410 

pA 


Ilim comparator 


Input Offset Voltage 




-Pi 5 

mV 

Input Bias Current 



-100 

-200 

pA 


OVP COMPARATOR 


Input Offset Voltage 

Output Off 

-25 


'5' 

mV 

Hysteresis 

Output On 

85 

105 

130 

mV 

Input Bias Current 



-0.3 

-3 

pA 

Propagation Delay 



150 


ns 

Shutdown Threshold 


0.4 

0.7 

1.0 

V 


PWM COMPARATOR: Isense 


Input Common Mode Range 


0 


8 

V 

Propagation Delay 



150 


ns 
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ELECTRICAL CHARACTERISTICS (Continued) 


PARAMETER 

CONDITIONS 

MIN 

TYP. 

MAX 

UNITS 

OUTPUT SECTION 

Output Voltage Low 

Iqut = 20mA 


0.1 

0.4 

V 


louT = 200mA 

' 

1.6 

2.2 

V 

Output Voltage High 

•out = -20mA : 

13 

13.5 


V 


Iqut — —200mA 

12 

13.4 


V 

Output Voltage Low in UVLO 

Iqut = -5mA, Vcc = 


0.1 

0.8 

V 

Output Rise/Fall Time 

Cl = 1000pF 


50 


ns 


UNDER-VOLTAGE LOCKOUT 


Start-up Threshold 


14.5 


16.5 

V 

Shut-Down Threshold 


8.5 


10.5 

V 

Vref Good Threshold 



4.4 


V 


TOTAL DEVICE 


Supply Current 

Start-up, Vcc = 14V, Ta = 25°C 
Operating, Ta = 25°C 


0.6 

26 

1.2 

32 

< < 

E £ 

Internal Shunt Zener Voltage 

Ice = 35 mA 

25 

27 

35 

V 


Note 1: This parameter not 100% tested in production but guaranteed by design. 

Note 2: Vcc is raised above the Start-up Threshold first to activate the 1C, then returned to 15V 

Note 3: Multiplier gain is defined as; 

■1NPIN6 
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ML4821 __ 

FUNCTIONAL DESCRIPTION 


OSCILLATOR 

The ML482T oscillator charges the external capacitor (Cj) 
with a current equal to 2.5/Rt. When the capacitor 
voltage reaches the upper threshold, the comparator 
changes state and the capacitor discharges to the lower 
threshold through Q1. 

The Oscillator period can be described by the following 
relationship: 

lose = Tramp + Tdeadtime 
where: 

Tramp = C(Ramp Valley to Peak) ^ (Irt/2) 
and: 

Tdeadtime = QRamp Valley to Pk) ^ (8.4mA- Irt/2) 


CLOCK 


RAMP PEAK 


RAMP VALLEY 


The ML4821 oscillator includes a SYNC input for 
synchronizing to an external frequency source. A positive 
pulse on this pin of 2V (typ) resets the oscillators 
comparator and initiates a discharge cycle for Cj. The Rj 
and Cj component values which set the ML4821 
oscillator frequency should be selected to produce a 
lower frequency than the external frequency source. 



ERROR AND CURRENT AMPLiFIERS 

The ML4821 error amplifier is a high open loop gain, 
wide bandwidth, amplifier with a class A output. The soft 
start circuit controls the input to the error amplifier for 
closed loop soft start operation. 

The current amplifier (lA) is similar to the error amplifier 
but is designed for very low offsets to allow the selection 

of a low value resistor for Rsense- 

OUTPUT DRIVER STAGE 

The ML4821 Output Driver is a 1A peak output high 
speed totem pole circuit designed to quickly drive 
capacitive loads, such as power MOSFET gates. The 
driver circuit's output voltage is internally limited to |7V. 

MULTIPLIER 

TheML4821 multiplier is a linear current input multiplier 
which provides high immunity to the disturbances caused 
by high power switching. The rectified line input sine 
wave is converted to a current via a dropping resistor. In 
this way, small amounts of ground noise produce an 
insignificant effect on the reference to the PWM 
comparator. 

The output of the multiplier is a current which appears on 
pin 4 to form the reference for the current error amplifier 
and is given as: 

Imul = K X Isine X (Vea - 0-8) 

where: 

•sine 'S the current in the dropping resistor, Vea 
is the output of the error amplifier and K is a 
constant determined by the V(RMS) input on 
pin 8. K assumes a higher value for the range 
from 90 to 170V than in the range above 1 70V. 
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Figure 3. Error and Current Amplifier Configuration 


SOURCE SATURATION _ Vcc = 15V J 
“ (LOAD TO GROUND) SO/us PULSED LOAD] 
- 1-1-1 - 120 Hz RATE ] 







—Ta = : 

p'-c— 


/ 







/z 

rSINK SATURATION 
_ <LOAD TO Vrr) _/ 

_ 


_ 



1 

1 

\ 



200 400 600 

lo, OUTPUT LOAD CURRENT (mA) 


Figure 5. Output Saturation Voltage vs. Output Current. 





_ 

_ 


















Vcc = 15V 
Vo = 1.0V TO 5.0V _ 
Rl = 100K 
Ta = 25°C 


_J-1-Li-1180 

10 100 1.0K 10K 100K 1.0M 10M 

f, FREQUENCY (Hz) 

Figure 4. Error Amplifier Open-loop Gian and Phase vs 
Frequency. 
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0.23 - - 

1 

OPERATING 

VOLTAGE POINT 





\ 

OUT THEIA'in)' 
DEPENDENCY OF THE 
VOLTAGE CONTROL LOOP 

_1_1_ 

1 





f- 

— 


85VAC 120VAC 220VAC 

VOLTAGE ON PIN #8 

Figure 6. K-factor. Gain adjustor gain with 
respect to the voltage at pin #8. 


The output current of the multiplier is limited to: 

Imul(max) = ^^ 

Kt 

This sets the system current limit.The multiplier output 
current is converted into the reference voltage for the 
current (lA) amplifier through a resistor to ground on pin 
4, the multiplier output. 

Figure 6 shows the gain adjustor (K) with respect to the 
voltage at pin #8. The curve has been separated in two 
parts. The right hand part is for operation under normal 
conditions in the voltage range from minimum line 
voltage to maximum line voltage (90VAC to 260VAC). 
85VAC on the curve has been chosen to account for 
tolerances. Under normal operating conditions as input 
voltage decreases the gain increases compensating for the 
drop in the loop gain. 

Under brownout conditions (below 85VAC) the gain 
decreases to limit the amount of current that is drawn 
from the line thus preventing an overload condition. This 
is a very useful feature since in many cases the load for a 
RFC is a constant power load. The input current has to go 
high to compensate for a drop in the input voltage. 


UNDER VOLTAGE LOCKOUT, 

OVP AND CURRENT LIMIT 

On power-up the ML4821 remains in the UVLO 
condition; output low and quiescent current low. The 1C 
becomes operational when Vcc reaches 16V. When 
VCC drops below 9V the UVLO condition is imposed. 
During the UVLO condition, the 5V Vref pin is "off", 
making it usable as a "flag" for starting up a down-stream 
PWM converter. 

OVP, SHUTDOWN, AND 1C BIAS 

When the input to the OVP comparator exceeds Vref/ the 
output of the ML4821 is inhibited. The OVP input also 
functions as a "sleep" input, putting the 1C into the low 
quiescent UVLO state when the OVP pin is pulled below 
0.7V. 

OFF-LINE START-UP AND BIAS SUPPLY GENERATION 

The circuit in Figure 11 below supplies Vcc power to the 
ML4821. Start-up current is delivered via RIO. The 1C 
starts when pin 15 reaches 15.5V. After that time running 
power is delivered through the tap on L1. The 
configuration shown delivers a voltage proportional to 
VOUT. 
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MULTIPLIER OUTPUT CURRENT (pA) 


Mi4821 



VcG SUPPLY VOLTAGE (V) 



Iref, REFERENCE SOURCE CURRENT (mA) 


Figure 9. Total Supply Current vs. Supply Voltage. Figure 10. Reference Load Regulation. 



Np ^ Vqut 
Ns “ 14V 

Figure 11. Bias and Start-up Circuit. 


ORDERING INFORMATION 



Note: Other packages and temperature ranges can be made available on request. Contact your local Micro Linear 


Representative for more information. 
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July 1992 


Micro Linear 


ML4821EVAL 


Average Current PFC Controller Evaluation Kit 

FEATURES 


GENERAL DESCRIPTION 

The ML4821 EVAL kit provides a convenient vehicle to 
evaluate the ML4821 average current sense power factor 
correction control 1C. It contains all of the necessary 
documentation with the evaluation board and key 
components to quickly evaluate the application circuit. 
The board is designed for a 200W universal input PFC 
circuit. However power components can be replaced for 
higher or lower power applications. 

KIT COMPONENTS 

■ User's Guide 

■ ML4821 Datasheet 

■ Application Note 16 

■ ML4861 Sample 

■ Evaluation Board 

■ Key Power Semiconductor Components 

■ Powder Iron Toroidal Inductor 

■ Input and output filter capacitors 

■ Heatsinks 


■ Harmonic currents well below proposed IEC555-2 
limits. 

■ Power Factor » .99 

■ THD < 5% 

■ Universal Input Range (85Vac to 256Vac) 

■ 380V output at 200W. 

■ Efficiency as high as 94%. 

■ Auxiliary supply from additional inductor winding. 

■ OVP protection. 


BLOCK DIAGRAM 
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PRELIMINARY 

Micro Linear ML4823 


High Frequency Power Supply Controller 


GENERAL DESCRIPTION 

The ML4823 High Frequency PWM Controller is an 1C 
controller optimized for use in Switch Mode Power 
Supply designs running at frequencies to 1MHz. 
Propagation delays are minimal through the 
comparators and logic for reliable high frequency 
operation while slew rate and bandwidth are 
maximized on the error amplifier. This controller is 
designed for single-ended applications using voltage or 
current mode and provides for input voltage feed 
forward. 

A 1V threshold current limit comparator provides 
cycle-by-cycle current limit and exceeding a 1.4V 
threshold initiates a soft-start cycle. The soft start pin 
doubles as a maximum duty cycle clamp. All logic is 
fully latched to provide jitter-free operation and prevent 
multiple pulsing. An under-voltage lockout circuit with 
800mV of hysteresis assures low startup current and 
drives the outputs low during fault conditions. 

The ML4823 is fabricated on a 40V bipolar process 
FB3480 Power Supply Controller Array. Customized 
versions of this controller are therefore easily 


implemented. Please refer to the FB3480 datasheet for 
more information. 

This controller Is similar in architecture and 
performance to the UC1823 controller, however the 
ML4823 includes features not found on the 1823. 

These features are set in Italics. 

FEATURES 

■ Practical Operation at Switching Frequencies to 1.0MHz 

■ High Current (2A peak) Totem Pole Output 

■ Wide Bandwidth Error Amplifier 

■ Fully Latched Logic 

■ Pulse-by-Pulse Current Limiting 

■ Soft Start and Max. Duty Cycle Control 

■ Under Voltage Lockout with Hysteresis 

■ 5.1V, ±1% Trimmed Bandgap Reference 

■ Pin Compatible Improved Replacement for UC1823 

■ Fast Shut Down Path from Current Limit to Outputs 
m Soft Start Latch Ensures Full Soft Start Cycle 

■ Outputs Pull Low for Undervoltage Lockout 


BLOCK DIAGRAM 
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PIN CONNECTIONS 

ML4823 
16-Pin DIP 


ML4823 
20-Pin PCC 


INV [ 

—V 
1 

16 

Nl [ 

2 

15 

E/A OUT [ 

3 

14 

CLOCK [ 

4 

13 

R(T) [ 

3 

12 

C(T) [ 

6 

11 

RAMP [ 

7 

10 

SOFT START [ 

8 

9 



Nl 

, n 

INV NC 

r—11—1 

A 

VcC 

n 


r 3 

2 1 

20 

19 

E/A 0UT[ 

4 



18 

CLOCK [ 

5 



17 

NC[ 

6 



16 

R(T)[ 

7 



15 

C(D[ 

8 



14 


9 

10 11 

12 

13 


RAMP I NC I GND 
SOFT l(LIM)/S.D. 
START 


TOP VIEW 


PIN DESCRIPTION 


PIN # 

NAME 

FUNCTION 

1 

INV 

Inverting input to error amp. 

2 

Nl 

Non-inverting input to error amp. 

3 

E/A OUT 

Output of error amplifier and 
input to main comparator. 

4 

CLOCK 

Oscillator output. 

5 

R(T) 

Timing Resistor for Oscillator — 
sets charging current for oscillator 
timing capacitor (pin 6). 

6 

C(T) 

Timing Capacitor for Oscillator. 

7 

RAMP 

Non-Inverting input to main 
comparator. Connected to C(T) for 
Voltage Mode operation or to 
current sense resistor for current 
mode. 

8 

SOFT START 

Normally connected to Soft Start 
Capacitor. 


PIN # 

NAME 

FUNCTION 

9 

I(L1M)/S.D. 

Current limit sense pin. Normally 
connected to current sense 
resistor. 

10 

GND 

Analog Signal Ground. 

11 

KLIM) REF 

Reference input for cycle-by-cycle 
current limit comparator. 

12 

PWR GND 

Return for the High Current 

Totem pole outputs. 

13 

Vc 

Positive Supply for the High 
Current Totem pole outputs. 

14 

OUT B 

High Current Totem pole output. 

15 

Vcc 

Positive Supply for the 1C. 

16 

5.1V REF 

Buffered output for the 5.1V 
voltage reference. 
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ABSOLUTE MAXIMUM RATINGS 


Supply Voltage (Pins 15, 13) ... 30V 

Output Current, Source or Sink (Pins 11, 14) 

DC . 0.5A 

Pulse (0.5//S) . 2.0A 

Analog Inputs 

(Pins 1, 2, 7, 8, 9) . -0.3V to 6V 

Clock Output Current (Pin 4) .... -5mA 

Error Amplifier Output Current (Pin 3) .. 5mA 

Soft Start Sink Current (Pin 8) . ... 20mA 

Oscillator Charging Current (Pin 5) ...... -5mA 

Junction Temperature 

ML4823M . 150°C 

ML4823I, ML4823C .. 125°C 

Storage Temperature Range .. -65®C to +150°C 

Lead Temperature (Soldering 10 sec.) .. +260®C 


Thermal Resistance (^ja) 

Plastic DIP ..... 65°C/W 

Ceramic DIP .... 65®C/W 

Plastic Chip Carrier (PCC) ... 60°C/W 

OPERATING CONDITIONS 

Temperature Range 

ML4823M .... -55°C to +125°C 

ML4823I .. -40°C to +85®C 

ML4823C . 0“C to +70°C 

Absolute maximum ratings are those values beyond which the 
device could be permanently damaged. Absolute maximum ratings 
are stress ratings only and functional device operation is not 
implied. 


ELECTRICAL CHARACTERISTICS 

Unless otherwise specified, Rj = 3.^5KO, Cj = lOOOpF, T^ = Operating Temperature Range, Vcc = 15V. 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Oscillator 

Initial Accuracy 

Tj = 25°C, (note 1) 

360 

400 

440 

KHz 

Voltage Stability 

10V < Vcc < 30V, (note 1) 


0.2 

3 

% 

Temperature Stability 

(note 1) 



5 

% 

Total Variation 

line, temp, (note 1) 

340 


460 

KHz 

Clock Out High 


3.9 

4.5 


V 

Clock Out Low 



2.3 

2.9 

V 

Ramp Peak 

(note 1) 

2.6 

2.8 

3.0 

V 

Ramp Valley 

(note 1) 

0.7 

1.0 

1.25 

V 

Ramp Valley to Peak 

(note 1) 

1.6 

1.8 

2.0 

V 


Reference Section 


Output Voltage 

Tj = 25°C, Iq = 1mA 

5.00 

5.10 

5.20 

V 

Line Regulation 

10V < Vcc < 30V 


2 

20 

mV 

Load Regulation 

1mA <lo< 10mA 


5 

20 

mV 

Temperature Stability 

-55°C < Tj < 150°C, (note 1) 


.2 

.4 

% 

Total Variation 

line, load, temp, (note 1) 

4.95 


5.25 

V 

Output Noise Voltage 

10Hz to lOKHz 


50 


/jV 

Long Term Stability 

Tj = 125‘>C, 1000 hrs, (note 1) 


5 

25 

mV 

Short Circuit Current 

Vref = 0V 

-15 

-50 

-100 

mA 


Error Amplifier Section 


Input Offset Voltage 

Ta = 25°C 

Operating Temperature Range 



±15 

±20 

mV 

mV 

Input Bias Current 



.6 

3 

//A 

Input Offset Current 



.1 

1 

/jA 

Open Loop Gain 

1 < Vq < 4V 

60 

95 


dB 
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ELECTRICAL CHARACTERISTICS (Continued) 

Unless otherwise specified, Rj = 3.65KO, Cj = lOOOpF, Ta = Operating Temperature Range, Vcc = 15V 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Error Amplifier Section (Continued) 

CMRR 

1.5 < Vcc < 5.5V, Ta = 25®C 

75 

95 

! 

dB 


Operating Temperature Range 




dB 

PSRR 

10 < Vcc < 30V, Ta = 25^C 

80 

110 


dB 


Operating Temperature Range 

75 



dB 

Output Sink Current 

VpiN 3 = 1V 

1 

2.5 


mA 

Output Source Current 

VpiN 3 = 4V 

-3 

-1.3 


mA 

Output High Voltage 

IpiN 3 = -0.5mA 

4.0 

4.7 

5.0 

V 

Output Low Voltage 

IpiN 3 = 1mA 

0 

0.5 

1.0 

V 

Unity Gain Bandwidth 

(note 1) 

3 

5.5 


MHz 

Slew Rate 

(note 1) 

6 

12 

_1 

V///S 


PWM Comparator Section 


Pin 7 Bias Current 

Vp,N 7 = OV 


-1 

-10 i 

M 

Duty Cycle Range 

ML4823C 


0 


80 

% 


ML4823M, ML4823I 

Ta > 25°C 

0 


80 

% 


ML4823M, ML4823I 

Ta < 25°C 

0 


70 

% 

Pin 3 Zero DC Threshold 

VpiN 7 = OV 

1.1 

1.25 


V 

Delay to Output 

(note 1) 


50 

80 

ns 


Soft-Start Section 


Charge Current 

VpiN 8 = 0.5V 

3 

9 

20 

M 

Discharge Current 

VpiN 8 = 1V ' 

1 



mA 


Current Limit/Shutdown Section 


Pin 9 Bias Current 

0V< 

vp,N 9 < 4v ; 



±15 

M 

Current Limit Offset 

VpiN 11 - 1.1V 

0 


30 

mV 

Pin 11 Common Mode Range 

Ta> 

25°C 

1.0 


1.25 

V 

Ta< 

25°C 

1.1 


1.25 

V 

Shutdown Threshold 

_ 

1.25 

1.4 

1.60 

V 

Delay to Output 

(note 

1) ! 


40 

70 

ns 


Output Section 


Output Low Level 

•out “ 20mA 


.25 

.4 

V 

Iqut ” 200mA 


1.2 

2.2 

V 

• 

Output High Level 

Iqut -20mA 

13.0 

13.5 


V 

Iqlit “ -200mA 

12.0 

13.0 


V 

Collector Leakage 

Vc = 30V 


100 

500 

//A 

Rise/Fall Time 

Cl = lOOOpF, (note 1) 


30 

60 

ns 


Under-Voltage Lockout Section 


Start Threshold 


8.7 

9.2 

9.6 

V 

UVLO Hysteresis 


0.3 

0.8 

1.2 

V 


Supply Current 


Start Up Current 

Vcc = 8V, Ta > O^C 


1.1 

2.5 

mA 

Ta < O^-C 



3.5 

mA 

Icc 

j 

VpiN 1, 7, 9 ^ OV, 

Vp,N 2 = IV, Ta = 25‘’C 


' 25 

33 

mA 


Note 1: This parameter not 100% tested in production but guaranteed by design. 
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FUNCTIONAL DESCRIPTION 

OSCILLATOR 

The ML4823 oscillator charges the external capacitor 
(Cj) with a current (Iset) equal to 3/Rset* When the 
capacitor voltage reaches the upper threshold (Ramp 
Peak), the comparator changes state and the capacitor 
discharges to the lower threshold (Ramp Valley) through 
Q1. While the capacitor is discharging, Q2 provides a 
high pulse. 

The Oscillator period can be described by the 
following relationship: 

Tqsc “ Tramp + Tdeadtime 
where: Tramp = C (Ramp Valley to Peak)/lsET 

and: Tqeadtime = C (Ramp Valley to Peak)/lQi 




100 IK 10K 100K 1M 


FREQ (Hz) 

Figure 2. Oscillator Timing Resistance vs Frequency 



_^Jl 

To 1^ 


RAMP PEAK - 
Ct 

RAMP VALLEY — - 


Figure 1. Oscillator Block Diagram 



0.47 1.0 2.2 4.7 10.0 22 47 100 

Ct (nF) 


Figure 3. Oscillator Deadtime vs Frequency Figure 4. Oscillator Deadtime vs C(T) (3KQ < R(D < 100KO) 
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ERROR AMPLIFIER 

The ML4823 error amplifier is a 5.5MHz bandwidth 
12V7/is slew rate op-amp with provision for limiting the 
positive output voltage swing (Output Inhibit line) for 
ease in implementing the soft start function. 
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Figure 5. Unity Gain Slew Rate 


Figure 6, Open Loop Frequency Response 


OUTPUT DRIVER STAGE 

The ML4823 Output Driver is a 2A peak output high 
speed totem pole circuit designed to quickly switch the 
gates of capacitive loads, such as power MOSFET 
transistors. 




0 0.5 1.0 1.5 

lOUT (A) 

Figure 8. Saturation Curves 
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TIME (ns) 



0 100 200 300 400 500 

TIME (ns) 


Figure 10. Rise/Fall Time (Cl = 10,000pF) 
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Figure 11. Supply Current vs Temperature 


SOFT START AND CURRENT LIMIT 

The ML4823 employs two current limits. When the 
voltage at pin 9 exceeds the l(LIM) REF threshold on 
pin 11, the outputs are Immediately shut off and the 
cycle is terminated for the remainder of the oscillator 
period by resetting the RS flip flop. 

If the output current is rising quickly (usually due to 
transformer saturation) such that the voltage on pin 9 
reaches 1.4V before the outputs have turned off, a soft 
start cycle is initiated. The soft start capacitor (pin 8) is 
discharged and outputs are held '"off" until the voltage 
at pin 8 reaches IV, ensuring a complete soft start 
cycle. The duty cycle on start up is limited by limiting 
the output voltage of the error amplifier voltage to the 
voltage at pin 8. 


ORDERING INFORMATION 


PART NUMBER 

TEMPERATURE 

RANGE 

PACKAGE 

ML4823CP 

0°C to +70°C 

Molded DIP (P16) 

ML4823CQ 

0°C to +70°C 

Molded PCC (Q20) 

ML4823IP 

-40°C to +85°C 

Molded DIP {P16) 

ML4823IQ 

-40°C to +85°C 

Molded PCC (Q20) 

ML4823MJ 

-55°C to+125°C 

Hermetic DIP (J16) 

ML4823CS 

0°C to +70°C 

Molded SOIC (S16W) 
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High Frequency Power Supply Controller 


GENERAL DESCRIPTION 

The ML4825 High Frequency PWM Controller Is an 1C 
controller optimized for use In Switch Mode Power 
Supply designs running at frequencies to 1MHz. 
Propagation delays are minimal through the 
comparators and logic for reliable high frequency 
operation while slew rate and bandwidth are 
maximized on the error amplifier. This controller is 
designed to work in either voltage or current mode 
and provides for input voltage feed forward. 

A IV threshold current limit comparator provides 
cycle-by-cycle current limit while exceeding a 1.4V 
threshold initiates a soft-start cycle. The soft start pin 
doubles as a maximum duty cycle clamp. All logic is 
fully latched to provide jitter-free operation and 
prohibit multiple pulsing. An under-voltage lockout 
circuit with 800mV of hysteresis assures low startup 
current and drives the outputs low. 

The ML4825 is fabricated on a 40V bipolar process 
from the FB3480 Power Supply Controller Array. 
Customized versions of this controller are therefore 


easily Implemented. Please refer to the FB3480 
datasheet for more information. 

This controller Is similar In architecture and 
performance to the UC1825 controller, however the 
ML4825 Includes many features not found on the 1825. 
These features are set in Italics. 

FEATURES 

■ Practical Operation at Switching Frequencies to 1.0MHz 

■ High Current (2A peak) Dual Totem Pole Outputs 

■ Wide Bandwidth Error Amplifier 

■ Fully Latched Logic with Double Pulse Suppression 

■ Pulse-by-Pulse Current Limiting 

■ Soft Start and Max. Duty Cycle Control 

■ Under Voltage Lockout with Hysteresis 

■ 5.1V, ±1% Trimmed Bandgap Reference 

■ Pin Compatible Improved Replacement for UC1825 

■ Fast Shut Down Path from Current Limit to Outputs 
u Outputs Preset to Known Condition After Under 

Voltage Lockout 

m Soft Start Latch Ensures Full Soft Start Cycle 

■ Outputs Pull Low for Undervoltage Lockout 


BLOCK DIAGRAM 


ERRORS 
INV AM^ 


I INTERNAL Vcc 

-i-J BIAS - 


UNDER ^ 
VOLTAGE 
LOCKOUT 
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PIN CONNECTIONS 



ML4825 
16-Pin DIP 


INV E 
Nl E 
E/A OUT E 
CLOCK E 
R(T) E 
C(T) E 
RAMP E 
SOFT START E 


D 5.1V REF 
] Vcc 
H OUTB 
: vc 

H PWRGND 
H OUT A 
1 GND 
1 KLIMVS.D. 


ML4825 
16-Pm SOIC 


INV □□ 


Nl CE 2 
E/A OUT QI 
CLOCK n: 
R(T) UZ 
C(T) cn 6 
RAMP ni 7 
SOFT START CC 8 


16 JD 5.1V REF 
15 JJ Vcc 
14 HI OUTB 
U Vc 

J3 PWRGND 
H OUT A 
H GND 
H l(UM)/S.D. 


ML4825 
20-Pin PCG 


5.1V REF 

Nl INV NC Vcc 


E/A OUT [ 
CLOCK [_ 
NC [; 
R(T) [ 
C(T) 1“ 


ish OUTB 


17 
16 
15 
14 

10 11 12 13 


TTTrTJTTTT 


3vc 

3 NC 

E PWR GND 
E OUT A 


RAMP I NC I GND 
SOFT START l(LIM)/S.D. 


PIN DESCRIPTION 


PIN # 

1 

2 

3 

4 

5 

6 
7 


NAME 

FUNCTION 

INV 

Inverting input to error amp. 

Nl 

Non-inverting input to error amp. 

E/A OUT 

Output of error amplifier and 
input to main comparator. 

CLOCK 

Oscillator output. 

R(T) 

Timing Resistor for Oscillator — 
sets charging current for oscillator 
timing capacitor (pin 6). 

C(T) 

Timing Capacitor for Oscillator. 

RAMP 

Non-Inverting input to main 
comparator. Connected to C(T) for 
Voltage Mode operation or to 
current sense resistor for current 
mode. 


8 SOFT START Normally connected to Soft Start 
Capacitor. 


PIN # 

NAME 

FUNCTION 

9 

l(LIM)/S.D. 

Current limit sense pin. Normally 
connected to current sense 
resistor. 

10 

GND 

Analog Signal Ground. 

11 

OUT A 

High Current Totem pole output. 
This output Is the first one 
energized after Power On Reset. 

12 

PWR GND 

Return for the High Current 
Totem pole outputs. 

13 

Vc 

Positive Supply for the High 
Current Totem pole outputs. 

14 

OUT B 

High Current Totem pole output. 

15 

Vcc 

Positive Supply for the 1C. 

16 

5.1V REF 

Buffered output for the 5.1V 
voltage reference. 
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ABSOLUTE MAXIMUM RATINGS 


Supply Voltage (Pins 15, 13) . 30V 

Output Current, Source or Sink (Pins 11, 14) 

DC . 0.5A 

Pulse (0.5/ys) . 2.0A 

Analog Inputs 

(Pins 1, 2, 7) .... -0.3V to TV 

(Pins 9, 8) . -0.3V to 6V 

Clock Output Current (Pin 4) . -5mA 

Error Amplifier Output Current (Pin 3) . 5mA 

Soft Start Sink Current (Pin 8) . 20mA 

Oscillator Charging Current (Pin 5) ... -5mA 

Junction Temperature 

ML4825I, ML4825C . 125‘’C 

Storage Temperature Range . -65°C to +150°C 

Lead Temperature (Soldering 10 sec.) . +260°C 


Thermal Resistance (^j^) 

Plastic DIP or SOIC... 65°C/W 

Plastic Chip Carrier (PCC) .... 60‘’C/W 

OPERATING CONDITIONS 

Temperature Range 

ML4825I ... -40°C to +85'’C 

ML4825C ...0°C to +70°C 


Absolute maximum ratings are those values beyond which the 
device could be permanently damaged. Absolute maximum ratings 
are stress ratings only and functional device operation is not 
implied. 


ELECTRICAL CHARACTERISTICS 

Unless otherwise specified, Rj = 3.65KQ, Cj = lOOOpF, T^ = Operating Temperature Range, Vcc = 15V 


PARAMETER 

CONDITIONS 

MIN 

TVP 

MAX 

UNITS 

Oscillator 

Initial Accuracy 

Tj = 25®C, (note 1) 

360 

400' 

440 

KHz 

Voltage Stability 

10V < Vcc < 30V, Ta= 25°C (note 1) 


0.2 

2 

% 

Temperature Stability 

(note 1) 



5 

% 

Total Variation 

line, temp, (note 1) 

340 


460 

KHz 

Clock Out High 


3.9 

4.5 


V 

Clock Out Low 



2.3 

2.9 

V 

Ramp Peak 

(note 1) 

2.6 

2.8 

3.0 

V 

Ramp Valley 

(note 1) 

0.7 

1.0 

1.25 

V 

Ramp Valley to Peak 

(note 1) 

1.6 

1.8 

2.0 

V 


Reference Section 


Output Voltage 

ML4825C 

Tj = 25®C, Iq = 1mA 

5.00 

5.10 

5.20 

V 

ML4825I 


5.05 

5.10 

5.15 

V 

Line Regulation 

10V < Vcc < 30V 


■ 2 

20 

mV 

Load Regulation 

1mA < Iq < 10mA 


5 

20 

mV 

Temperature Stability 

-55°C < T, < 150°C, (note 1) 


.2 

.4 

% 

Total Variation 

ML4825C 

line, load, temp (note 1) 

4.95 

1 

5.25 

V 


ML4825I 

line, load, temp T^ > 0®C, (note 1) 

5.00 

1 

5.20 

V 


ML4825I 

line, load, temp T^ < 0°C, (note 1) 

4.95 


5.25 

V 

Output Noise Voltage 

10Hz to lOKHz 


50 


AfV 

Long Term Stability 

Tj = 125°C, 1000 hrs, (note 1) 


5 

25 

mV 

Short Circuit Current 

> 

o 

II 

> 

-15 

-50 

-100 

mA 


Error Amplifier Section 


Input Offset Voltage 

ML4825I,C 

Ta > 0°C 



15 

mV 

ML4825I 

Ta < O^C 



20 

mV 

Input Bias Current 



/; .6 

3 

M 

Input Offset Current 



.1 

1 

M 

Open Loop Gain 

1 < Vq < 4V 

60 

96 


dB 
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ELECTRICAL CHARACTERISTICS (Continued) 

Unless otherwise specified, Rj = 3.65KQ, Cj = lOOOpF, = Operating Temperature Range, Vcc = 15V 


PARAMETER CONDITIONS MIN TYP MAX UNITS 


Error Amplifier Section (Continued) 


CMRR 

ML4825I,C 

1.5V < VcM < 53V, Ta > 0®C 

75 

95 


dB 

ML4825I 

1.5V < VcM < 5.5V, Ta < 0°C 

65 

95 


dB 

PSRR 

ML4825I,C 

10V < Vcc < 30V, Ta > O^C 

80 

110 


dB 

ML4825I 

10V < Vcc < 30V, Ta < 0°C 

75 

110 


dB 

Output Sink Current 

VpiN 3 = 1V 

T' 

2.5 


rnA 

Output Source Current 

Vp,N3 = 4V 

-.5 

-1.3 


mA 

Output High Voltage 

IpiN 3 “ -0.5mA 

4.0 

4.7 

5.0 

V 

Output Low Voltage 

IpiN 3 “ 1fi^A 

1 

0 

0.5 

1.0 

V 

Unity Gain Bandwidth 

(note 1) 

3 

53 


MHz 

Slew Rate 

(note 1) 

6 

12 , 


V///S 


PWM Comparator Section 


Pin 7 Bias Current 

ML4825I,C 

VpiN 7 = OV, Ta > 0°G 


-1 

-5 

M 


ML4825I 

VpiN 7 = OV, Ta < 0»C 



-10 

M 

Duty Cycle Range 

ML4825C 


0 


85 

% 


ML4825r 

Ta > 0°C 

0 


80 

% 


ML4825I 

Ta<0°C 

0 


70 

% 

Pin 3 Zero DC Threshold 

Vp,N7 = 0V 

1.1 

1.25 


V 

Delay to Output 

(note 1) 


50 

80 

ns 


Soft-Start Section 


Charge Current 

Vp,N8 = 0.5V 

3 

9 

20 

M 

Discharge Current 

VpiN 8 = 1V 

1 

' 

L... _ _ 

mA 

Current Limit/Shutdown Section 

Pin 9 Bias Current 

ML4825C 

OV < Vp,N 9 < 4V 



+10 

M 

ML4825I 

OV < VpiN 9 < 4V 



+15 

M 

Current Limit Threshold 


.9 

1 

1.1 

v 

Shutdown Threshold 

Ta>0“C 

1.25 

1.4 

1.55 

v 

Ta<0°C 

1.25 

1.4 

1.60 

v 

Delay to Output 

(note 1) 


40 

70 

ns 

Output Section 

Output Low Level 

Iqut “ 20mA 


.25 

.4 , i 

V 

louT ~ 200mA 


1.2 

2.2 

V 

Output High Level 

Iqut “ -20mA 

13.0 

13.5 


V 

louT “ -200mA 

12.0 

13.0 


V 

Collector Leakage 

Vc = 30V 


100 

500 

IjA 

Rise/Fall Time 

Cl = lOOOpF, (note 1) 


30 

60 

ns 

Under-Voltage Lockout Section 

Start Threshold 


8.7 

9.2 

9.6 

V 

UVLO Hysteresis 


0.3 

0.8 

1.2 

V 

Supply Current 

Start Up Current 

ML4825I,C 

Vcc = 8V, Ta > O'^C 


1.1 

2.5 

mA 

ML4825I 

Vcc = 8V, T^ < O-C 



3.5 

mA 

•cc 

Vp,N tz9 -0V, Vp,n2 = 1V,Ta=25«C 


26 

33 

mA 


Note 1: This parameter not 100% tested in production but guaranteed by design. 
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FUNCTIONAL DESCRIPTION 

OSCILLATOR 

The ML4825 oscillator charges the external capacitor 
(Cx) with a current (Iset) equal to 3 /Rsex. When the 
capacitor voltage reaches the upper threshold (Ramp 
Peak), the comparator changes state and the capacitor 
discharges to the lower threshold (Ramp Valley) through 
Q1. While the capacitor is discharging, Q2 provides a 
high pulse. 

The Oscillator period can be described by the 
following relationship: 

Tosc = Tramp + Tdeadtime 
where: Tramp = C (Ramp Valley to Peak)/lsEj 
and: Tdeadtime = C (Ramp Valley to Peak)/lQi 


160 
140 

I 120 
100 
80 

lOK lOOK 1M 

FREQ (Hz) 

Figure 3. Oscillator Deadtime vs Frequency 
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n 0 

Td-^ 1^ 

RAMP PEAK 



RAMP VALLEY 

Figure 1. Oscillator Block Diagram 



0.47 1.0 2.2 4.7 10.0 22 47 100 

Ct (nF) 

Figure 4. Oscillator Deadtime vs C(T) (SKQ < R(D < 100KO) 
ERROR AMPLIFIER 

The ML4825 error amplifier is a 5.5MHz bandwidth 
12V//2S slew rate op-amp with provision for limiting the 
positive output voltage swing (Output Inhibit line) for 
ease in implementing the soft start function. 
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Figure 2. Oscillator Timing Resistance vs Frequency 


Figure 5. Unity Gain Slew Rate 
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100 IK 10K 100K IM 10M 100M 

FREQ (Hz) 

Figure 6. Open Loop Frequency Response 
OUTPUT DRIVER STAGE 

The ML4825 Output Driver is a 2A peak output high 
speed totem pole circuit designed to quickly switch the 
gates of capacitive loads, such as power MOSFET 
transistors. 



Figure 7. Simplified Schematic 



0 0.5 1.0 1.5 

•out (A) 

Figure 8. Saturation Curves 
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TIME (ns) 


Figure 9. Rise/Fall Time (Cl = lOOOpF) 
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Figure 10. Rise/Fall Time (Cl = 10,000pF) 



TEMPERATURE i°C) 


Figure 11. Supply Current vs Temperature 

SOFT START AND CURRENT LIMIT 

The ML4825 employs two current limits. When the 
voltage at pin 9 exceeds IV, the outputs are 
immediately shut off and the cycle is terminated for the 
remainder of the oscillator period by resetting the RS 
flip flop. 

If the output current is rising quickly such that the 
voltage on pin 9 reaches 1.4V before the outputs have 
turned off, a soft start cycle is initiated. The soft start 
capacitor (pin 8) is discharged and outputs are held 
"off" until the voltage at pin 8 reaches 1V, ensuring a 
complete soft start cycle. The duty cycle on start up is 
limited by limiting the output voltage of the error 
amplifier voltage to the voltage at pin 8. 
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ORDERING INFORMATION 


PART NUMBER 

TEMPERATURE 

RANGE 

PACKAGE 

ML4825CP 

0“C to +70“C 

Molded DIP (P16) 

ML4825CQ 

0°C to +70°C 

Molded PCC (Q20) 

ML4825IP 

-40°C to +85°C 

Molded DIP (P16) 

ML4825IQ 

-40°C to +85°C 

Molded PCC (Q20) 

ML4825CS 

0°C to +70°C 

Molded SOIC (S16W) 
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GENERAL DESCRIPTION 

The ML4830 is a complete solution for a dimmable, high 
power factor, high efficiency electronic ballast. Contained 
in the ML4830 are controllers for "'boost" type power factor 
correction as well as for a dimming ballast 

The Power factor circuit uses the average current sensing 
method with a current fed multiplier and over-voltage 
protection. This system produces power factors of better 
than 0.99 with low input current THD at > 95% efficiency. 
Special care has been taken in the design of the ML4830 to 
increase system noise immunity by using a high amplitude 
oscillator, and a current fed multiplier. An over-voltage 
protection comparator stops the PFC section in the event of 
sudden load decrease. 

The ballast section provides for programmable starting 
scenarios with programmable pre-heat and lamp out-of- 
socket interrupt times. The 1C controls lamp output 
through either frequency or Pulse Width control using lamp 
current feedback. 

The ML4830 is designed using Micro Linear's Semi-Standard 
tile array methodology. Customized versions of this 1C, 
optimized to specific ballast architectures can be made 
available. Contact Micro Linear or an authorized represen¬ 
tative for more information. 


July 1992 
ADVANCE INFORMATION 

ML4830 

Electronic Ballast Controller 

FEATURES 

■ Complete Power Factor Correction and Dimming Ballast 
Control on one 1C 

■ Low Distortion, Fligh Efficiency Continuous Boost, 
Average Current sensing PFC section 

■ Programmable Start Scenario for Rapid or Instant Start 
Lamps 

■ Lamp Current feedback for Dimming Control 

■ Selectable Variable Frequency or PWM dimming modes 

■ Programmable Restart for lamp out condition to reduce 
ballast heating 

■ Over-Temperature Shutdown feature replaces external 
heat sensor for safety. 

■ PFC Over-Voltage comparator eliminates output "run¬ 
away" due to load removal 

■ Large oscillator amplitude and current fed multiplier 
improves noise immunity 


SIMPLIFIED BLOCK DIAGRAM 



PAT. PEND, 
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PIN CONFIGURATION 


ML4830 

20-Pin DiP (P-20) 



EA OUT 
EA- 
Vref 
VCC 

PFC OUT 

OUT A 

OUTB 

GND 

R{X)/C(X) 

OVP/INHIBIT 


TOP VIEW 


PIN DESCRIPTION 


NAME 

FUNCTION 

PIN# 

NAME 

FUNCTION 

lA- 

lA OUT 

1 (SINE) 

Inverting input of the PFC average 
current error amplifier 

Output and compensation node of the 
PFC average current error amplifier 

PFC Current Multiplier input. 

10 

11 

INTERRUPT 

OVP/ 

A voltage of greater than Vref resets 
the chip and causes a restart after a 
delay of 3 times the start interval. 

Used for lamp-out detection and 
restart 

When the voltage of this pin exceeds 

IA + 

LAMP F.B. 

Non-Inverting input of the PFC 
average current error amplifier and 
input of peak current limit comparator 
Inverting input of an Error Amplifier 
used to sense (and regulate) lamp arc 


INHIBIT 

5V, the PFC output is inhibited. When 
the voltage exceeds 6.8V, the 1C 
function is inhibited and the 1C is 
reset. This pin can be used for a 
remote ballast shut-down 


current. Also the input node for 
dimming control 

12 

R(X)/C(X) 

Sets the timing for the preheat, 
dimming lockout, and interrupt 

LFB OUT 

Output from the Lamp Current Error 
Amplifier used for lamp current loop 

13 

GND 

1C Ground 


compensation 

14 

OUTB 

Ballast MOSFET drive output 

R(SET) 

External resistor which sets oscillator 

15 

OUT A 

Ballast MOSFET drive output 


Fmax Multiplier max Iqut ^nd R(X)/ 

16 

PFC OUT 

Power Factor MOSFET drive output 


C(X) charging current 

17 

VCC 

Positive Supply for the 1C 

MODE 

Controls how the Lamp Current Error 
Amp and preheat timers modulate the 
ballast outputs. Two Variable Fre¬ 

18 

Vref 

Buffered output for the 5V voltage 
reference 


quency and 1 PWM mode are 

19 

EA- 

Inverting input to PFC error amplifier 

R(T)C(T) 

available through this pin 

Oscillator timing components 

20 

EA OUT 

PFC Error Amplifier output and 
compensation node 
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Figure 2. Typical Application: 2-Lamp Dimming Ballast 


ORDERING INFORMATION 


PART NUMBER 

TEMPERATURE 

RANGE 

PACKAGE 

ML4830CP 

0°Cto +85°C 

MOLDED DIP(P20) 


Other packages and temperature ranges can be made available on request. Contact your local Micro Linear Representative 
for more information. 
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PRELIMINARY 

ML4861 

Low Voltage Boost Regulator 


GENERAL DESCRIPTION 

The ML4861 is a complete solution for DC to DC conver¬ 
sion for 1 to 3 cell battery powered systems. The systems 
requires a minimum number of external components: one 
inductor and one capacitor. The boost circuit of the 
ML4861 is capable of running with input voltages as low as 
IV. Three different versions are available: a 5V output, 
3.3V output, or an adjustable version. 

Special care was taken in the design of the ML4861 to 
optimize system efficiency. Synchronous rectification 
eliminates the need for an external schottky diode and 
provides lower forward drop. The regulator operates using 
discontinuous boost and only starts an output pulse when 
the output voltage has drooped. The regulator operates as 
a variable frequency system and only uses power when 
switching. 

The circuit also contains a RESET output which goes low 
when the 1C can no longer function due to low input 
voltage, or when the DETECT input drops below 200mV. 


The ML4861 output is ±5% accurate and is specified as a 
complete system. Typical efficiency is 90% for a 5V output 
with a 2.5V input. 

The ML4861 is fabricated using Micro Linear’s FC3580. 

This allows for customizing of the 1C for a user's specific 
application. Contact Micro Linear for more information. 

FEATURES 

■ Synchronous Rectification for high efficiency (90%) 

■ Minimal External Components : 1 Cap, 1 Inductor 

■ Very Low Rdson (0.2^ N-Channel, 0.5i^ P-Channel) 

■ Works down to IV input 

■ Reset flag to Microprocessor when V|n is removed 

■ Micro Power BiCMOS (50|LiA Isupply) 

■ Low output detect comparator 

■ 8-Pin SO 1C Package 

■ 5V, 3.3V and Adjustable Output Versions 
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PIN CONFIGURATION 


ML4861 fixed output 
8-Pin SOIC (S08) 


VinQI 

1 

8 

Tl PWR GND 

VrefFT 

2 

7 

~n RESET 

GNorr 

3 

6 


DETECT [J2 

4 

5 

1 1 VouT 


TOP VIEW 


ML4861 adjustable 
8-Pin SOIC (S08) 


VinCE 

1 

8 

ID PWR GND 

Vref 1 1 

2 

7 

~n RESET 

GNPrr 

3 

6 

IDVl 

SENSE rr 

, 4 

5 

1 IVqut 


TOP VIEW 


Part 

Number 

Output 

Voltage 

Temperature 

Range 

Package 

ML4861CS-3.3 

3.3V 

0°C to 70°C 

SOIC (SOB) 

ML4861CS-5.0 

5.0V 

0°C to 70°C 

SOIC (SOB) 

ML4861CS-ADJ 

ADJUSTABLE 

0°C to 70°C 

SOIC (SOB) 


PIN DESCRIPTION 


FIXED OUTPUT VERSIONS ADJUSTABLE VERSION 


PIN# NAME 

FUNCTION 

PIN# NAME 

FUNCTION 

1 

V(N 

Battery Input voltage. 

1 

V|N 

Battery Input voltage. 

2 

Vref 

200mV Reference pin. 

2 

Vref 

200mV Reference pin. 

3 

GND 

Analog signal ground. 

3 

GND 

Analog signal ground. 

4 

DETECT 

When this input is below Vref, the RESET 

4 

SENSE 

Programming pin for the adjustable 



pin goes low. 



voltage version. 

5 

VoUT 

Output of the Boost Regulator 

5 

Vqut 

Output of the Boost Regulator 

6 

Vl 

Boost Inductor Connection 

6 

Vl 

Boost Inductor Connection 

7 

RESET 

Output goes low when regulation cannot 

7 

RESET 

Output goes low when regulation cannot 



be achieved or when DETECT is below 



be achieved 



200mV. 

8 

PWR GND 

Power Ground 

8 

PWR GND 

Power Ground 
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ABSOLUTE MAXIMUM RATINGS 


Voltage on any pin ...... 6V 

Peak Inductor Current...... . 1A 

Junction Temperature.... 150°C 

Storage Temperature Range..,...........-65°C to +150°C 

Lead Temperature (Soldering 10 Sec.)... +260°C 

Thermal Resistance (0 ) 

SOIC...;.......85°C/W 


OPERATING CONDITIONS 

Temperature Range....0°C to +70°C 

Operating Voltage Range 

V,N....... 1 .OV to VouT-0.2V 

Absolute maximum ratings are those values beyond which 
the device could be permanently damaged. Absolute 
maximum ratings are stress ratings only and functional 
device operation is not implied. 


ELECTRICAL CHARACTERISTICS 

Unless otherwise specified, TA=Operating Temperature Range, VouT” 5V for ML4861-5.0, -ADj, Vqut- 3.3V 
for ML4861-3.3. 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

SUPPLY CURRENT 

V|N Current 

V,n=Vout--0.2V 


50 

70 

pA 

Vqut Q'-'iescent Current 



5 

8 

pA 

Vl Quiescent Current 



1 

2 

pA 

REFERENCE SECTION 

Vref Output Voltage 

1 0 lpiN 2 -5pA, V|N = Operating Range 

190 

200 

210 

mV 

PFM REGULATOR 

Pulse Width 


9 

10 

11 

pS 

Output Voltage 

ML4861-5.0,-ADj 

Table 1, 0 < Iqut < Imax 

4.75 

5 ' 

5.25 

V 


ML4861-3.3 

Table 1, 0 < Iqut < Imax 

3.135 

3.3 

3.465 

V 

RESET COMPARATOR 

DETECT Threshold 


190 

200 

210 

mV 

DETECT Bias Current 



-25 

-100 

nA 

PinZVoH 

loH = -10pA,2V<VouT<5V 

< 

O 

c 

1 

p 

k) 



V 

PinZVoL 

loL = 20pA, 2V < VouT < 5V 



0.2 

V 

V|N Reset Threshold 


0.65 

0.85 

'1 

V 


V|N 

L 

(HH) 

EFFICIENCY 

%(TYP) 

Iqut 

(mA) 

, : VoTJT^^SV 1 

1.0 

10 

75 

65 

1.0 

20 

85 

40 

1.5 

15 

77 

no 

1.5 

30 

88 

60 

3.0 

30 

81 

215 

3.0 

60 

90 

120 

4.5 

45 

81 

320 

4.5 

90 

91 

180 


V,N 

L 

(pH) 

EFFICIENCY 
% (TYP) 

Iqut 

(mA) 

Vout=3.3V I 

1.0 

10 

75 

120 

1.0 

20 

85 

68 

1.5 

15 

87 

175 

1.5 

30 

87 

100 

3.0 

30 

75 

355 

3.0. 

60 

85 

200 


Table 1. Output Current Capabilities of ML4861 at Various Input Voltages 
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FUNCTIONAL DESCRIPTION 

The ML4861 combines Pulse Frequency Modulation (PFM) 
and synchronous rectification to create a boost converter 
that is both highly efficient and simple to use. The PFM 
approach allows a single inductor to be charged to a fixed 
peak current and then completely discharged before 
another cycle begins, simplifying the design by eliminating 
the need for the conventional current limiting circuitry. 
Synchronous rectification is accomplished by replacing the 
conventional external Schottky diode with an on chip 
PMOS device, reducing losses and eliminating the external 
component. 

REGULATOR OPERATION 

A block diagram of the boost converter is shown in Figure 
1. When Vqut 'S at or above the desired output voltage, 
the circuit remains idle, drawing only 50|xA from the input 
supply pin V|n and only 5|xA from the output Vout through 
the feedback resistors, R1 and R2. When Vqut drops 
below the desired output level, the A1 output goes high, 
signaling the circuit to deliver charge to the output. Since 
the A2 output is normally high, the flip-flop captures the A1 
set signal and creates a pulse at the gate of the NMOS 
transistor Ql. The NMOS will charge the inductor for 
lOps, resulting in a peak current given by: 


transistor Q2. But as the voltage across the PMOS changes 
polarity, its gate gets driven low by the current sensing 
amplifier A2, and the PMOS shorts out the diode. The 
inductor then discharges into the load with minimum 
voltage drop through the PMOS. The output of A2 also 
serves to reset the flip-flop and one shot in preparation for 
the next charging cycle. When current in the PMOS falls to 
zero, A2 releases the gate and, if Vqijt 'S still low, allows 
the flip-flop to initiate another pulse. The inductor current 
and one shot waveforms are shown in Figure 2. 



Figure 2. PFM Inductor Current Wave Forms and Timing 

The maximum output current available from the regulator 
can be determined from the following equation: 


t _ Ton Mn ^ dpS X Vj|vj 
Il(max)- - == ~ 

For reliable operation, LI should be chosen such that 
'l(MAX) does not exceed 1 A. 

When the one shot times out the NMOS releases the Vl 
pin allowing the inductor to fly-back and momentarily 
charge the output through the body diode of PMOS 


buT (MAX) ~ 


EFFICIENCY x V,n x 0.45 x Il(max) 
'^OUT 


A trade off exists between efficiency and maximum output 
current. FHigher efficiency can be obtained by choosing a 
larger inductor value. However, this will also reduce the 
maximum output current available. 
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The output filter capacitor will limit the ripple on Vout* 
The value can be chosen based on the acceptable change 
in output voltage for a single inductor discharge cycle, 
which is given by: 


AVqut = 


0.5 X V|M X 10|J.S x 4(max) 
C1 X (Vout-Vin) 


For V|N = 1.5V, Vout = 5V, Il(MAX) = 0-5A and Cl = 47(J,F, 
the output ripple will be 23mV. Capacitor equivalent series 
resistance (ESR) must also be considered when choosing a 
capacitor, both for ripple and efficiency. 

If the input voltage impedance is too high, an additional 
1|iF capacitor (C2) may be required from input source to 
keep V|N from being pulled low during normal operation. 

The adjustable version of the ML4861 requires an external 
resistor feedback string to set Vqut- The output level can 
be determined from the following equation: 


^OUT - 0-2 X 


(RUR2) 

R2 


where R1 and R2 are as shovvn in Figure 1. R2 should be 
around 40K^2 or less to keep base current errors low. 

In the adjustable version, the feedback node on A1 is 
brought Out to pin 4 through R2 and the jumpers shown in 
Fig. T are not connected. 

RESET COMPARATOR 

An additional comparator is provided to detect low Vouj/ 
low V||sj, or some other error condition important to the 
user. The inverting input of the comparator is connected to 
200mV, while the non-inverting input is provided externally 
at the DETECT pin. The output of the comparator is the 
RESET pin, which swings from ground to Vqut- This output 
is OR-ed with the internal under-voltage detect circuit, and 
will go low when \/\f^ is removed. 
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ML4861EVAL 


Low Voltage Boost Regulator Evaluation Kit 


GENERAL DESCRIPTION 

The ML4861EVAL kit provides a convenient vehicle to 
evaluate the ML4861 low voltage boost regulator 1C. It 
contains all of the necessary documentation with the 
evaluation board, 1C and key components to quickly 
evaluate the application circuit. This board can be used for 
either fixed or adjustable versions. 

The ML4861 is a complete solution for DC to DC conver¬ 
sion for 1 to 3 cell battery powered systems. The systems 
requires a minimum number of external components: one 
inductor and one capacitor. The boost circuit of the 
ML4861 is capable of running with input voltages as low as 
IV. Three different versions of the 1C are available: a 5V 
output, 3.3V output, or an adjustable version. The evalua¬ 
tion kit is shipped with the ML4861-5.0 


FEATURES 

■ Synchronous Rectification for high efficiency (90%) 

■ Wide Input Range (IV to 4.5V) 

■ Accomodates either fixed or adjustable versions 

■ Regulation to better than ±5% over line and load 

■ Low Output Ripple (50mV p-p) 

■ Regulation down to no load 


KIT COMPONENTS 

■ User's Guide 

■ ML4861 Datasheet 

■ ML4861 Sample 

■ PC Board 

■ Toroid for Inductor (LI) 


BLOCK DIAGRAM 


LI 



Micro Linear 


6-151 

















Micro Linear 


GENERAL DESCRIPTION 

The ML4862 is a complete solution for DC to DC conver¬ 
sion and power management in multi-cell battery powered 
portable computers and instruments. Several advanced 
techniques are incorporated in the 1C for the highest 
possible systems efficiency and lowest possible battery 
drain. 

The 5.0V and 3.3V main regulators in the ML4862 each 
controls a Synchronous Rectified buck regulator and each 
drives two N-Channel MOSFETs. This allows high conver¬ 
sion efficiencies (90% or greater). Bias for all N-Channel 
MOSFETs in the system as well as the input for the 12V 
regulator for programming EEPROMs comes from an 
auxiliary winding on the buck regulator choke. 

The ML4862 also contains 3 outputs to drive external N- 
Channel MOSFETs to power down disk drives and memory 
under control of external logic. Automatic switch-over to 
battery operation is also provided when the charger is 
removed. A pPower 5V linear regulator and low battery 
indicator are provided for the power monitoring logic. 


July 1992 
ADVANCE INFORMATION 

ML4862 

Battery Power Control 1C 

FEATURES 

■ Two Synchronously Rectified, lOOKFIz Buck Regulators: 
for 5V and 3.3V outputs 

■ Low Cost All N-Channel MOSFET Switching 

■ Three Logic to N-Channel Gate Drive translators for 
power management 

■ pPower 5V standby linear regulator to run power 
management logic 

■ Output and logic for N-Channel MOSFET to disconnect 
battery when charger is connected 

■ 12V Auxiliary output available with On/Off Control for 
E2 memory programming 

■ Low battery detect comparator 

■ Wide Input Voltage Range (5V to 20V) 

■ Customizable Tile Array Technology - Consult factory for 
additional options 
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PIN CONFIGURATION 


PIN NAME FUNCTION 


ML4862 

32-Pin SOIC (S32W) 


R(T) CE 

1 

32 

X] 12V OUT 

V(ADAPTER) [X 

2 

31 

XI Vref 

VC5 o: 

3 

30 

X ON/OFF 

BATTERY LOW |X 

4 

29 

X FDBKA 

V(BAT) □: 

5 

28 

X COMP A 

FDBK B [X 

6 

27 

X ENABLE A 

COMP B IX 

7 

26 

X OUT2A 

ON/OFF 12 [X 

8 

25 

X GND 

OUT2B [X 

9 

24 

X PWR GND 

OUTIB [X 

10 

23 

X OUT1A 

5VOUT IX 

11 

22 

X V(IN) 

l(SENSE)B [X 

12 

21 

X l(SENSE)A 

swi ix 

13 

20 

X SOFT START 

' SW2 [X 

14 

19 

X SOUT1 

SW3 IX 

15 

18 

X SOUT2 

V(GT) (X 

16 

17 

X SOUT3 


9 OUT2B 

10 OUT1B 

11 5V OUT 

12 l(SENSE)B 
13-15 SW1-3 
16 V(GT) 
17-19 SOUT3-1 

20 SOFT START 

21 l(SENSE)A 

22 V(IN) 

23 OUT1A 

24 PWR GND 

25 GND 

26 OUT2A 

27 ENABLE A 

28 COMP A 


TOP VIEW 


29 FDBK A 

30 ON/OFF 


PIN DESCRIPTION 


PIN NAME 

1 R(T) 

2 V(ADAPTER) 

3 VG5 

4 BATTERY LOW 


5 V(BAT) 

6 FDBK B 

7 COMP B 

8 ON/OFF 12 


FUNCTION _ 

Timing Resistor which sets oscillator 
frequency 

Input to sense whether adapter is 
active. When this pin is above 
V(BAT), VG5 goes low. 

Output to drive N-Channel MOSFET 
gate to switch battery out when 
adapter is present 

A logic low level indicates the voltage 
on V(BAT) is below 2.5V. This is an 
open-collector output. 

Battery Comparator input 

Voltage Feedback for buck regulator B 

Buck Regulator B frequency compen¬ 
sation terminal 

A logic high turns on the 12V linear 
regulator 


31 Vref 

32 12V OUT 


5V Buck Regulator Synchronous 
Rectifier Output 

5V Buck Regulator Switch Output 

Output of the pPower 5V regulator. 
Normally used to power external 
management circuits and logic 

Current Sensing for buck regulator B 
current limit 

Inputs for power management 
MOSFET gate drivers 

Boosted voltage to drive N-Channel 
gates and input to 12V linear regulator 

MOSFET gate drive outputs for power 
management 

Connected to a soft start capacitor 

Current Sensing for buck regulator A 
current limit 

Input from Battery or AC Adapter 
3.3V Buck Regulator Switch Output 
Power Ground 
Logic and signal Ground 

3.3V Buck Regulator Synchronous 
Rectifier Output 

A logic low disables Buck Regulator 
A's Synchronous Rectifier output 

Buck Regulator A frequency compen¬ 
sation terminal 

Voltage Feedback for buck regulator A 

A low on this pin disables all 1C 
functions except the low battery 
detection comparator, the linear 5V 
regulator and the 2.5V reference, and 
puts the 1C into a low current con¬ 
sumption mode 

Buffered 2.5V reference output 
Output of the 12V linear regulator 
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ABSOLUTE MAXIMUM RATINGS 

Absolute maximum ratings are those values beyond which 
the device could be permanently damaged. Absolute 
maximum ratings are stress ratings only and functional 


device operation is not implied. 

Voltage on any pin....... 36V 

Output Current, Source or Sink (Pins 9,10, 23, 26) 

Pulsed ....... 300mA 

VG5 Source Current.....-20mA 

VG5 Sink Current..... 200mA 

12V Linear Regulator Output Current...200mA 

5V Linear Regulator Output Current... 50mA 

Logic Inputs (pins 8,13,14,15,27,30)..-0.3V to 5.5V 


ISENSE Inputs (pins 12 ,21)...... V(IN) 

Comparator Inputs (pins 2, 5).. -0.3V to 5.5V 

junction Temperature.....150°C 

Storage Temperature Range ....... -65°C to +150°C 

Lead Temperature (Soldering 10 Sec.) .......+260°C 

Thermal Resistance (0j/\) Plastic SOIC ....60°C/W 

OPERATING CONDITIONS 

Ambient Temperature Range....;....0°C to+70°C 

V(IN) Voltage Range.. 5.4V to ,24V 

V(GT) Voltage Range.. V(IN)-0.5 to 35V 


ELECTRICAL CHARACTERISTICS 

Unless otherwise specified, T^=Operating Temperature Range, V(IN)=12V, V(GT)=22y, R(T)=120KlQ. 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

OSCILLATOR 

Initial accuracy 


98 

100 

102 

Khz. 

Dead Time 

50K < R(T) < 300K 

600 

800 

1000 

nS 

Maximum Duty Cycle 


90 


94 

% 

Voltage Stability 

6V<V(IN)<20V 

_i 

2 


% 


ERROR AMPLIFIERS 


Input Offset Voltage 



2 

10' 

mV 

Input Bias Current 



10 

100 

nA 

Output High Voltage 

louT'^ -2 mA 

2.8 

2.95 


V ' 

Output Low Voltage 

louT= 20pA j 



0.2 

V 

Source Current 

Vout=2.5V 

-5 

■7 


mA 

Sink Current 

Vout“2.5V 

10 

50 


pA 

Gain-Bandwidth Product 



675 


KHz 


HIGH SIDE (OUT1) OUTPUTS (Pins 10, 23) 


Output High Voltage 

1out= -400mA 

18.5 

19.5 


V 

louT~ '20mA 

21 

21.3 


V 

Output Low Voltage 

Iout~ 200mA 


1.6 

2 

V 

Iqut” 20mA 


0.2 

0.5 

V 


LOW SIDE (OUT2) OUTPUTS (Pins 9, 26) 


Output High Voltage 

louT~ -400mA 

13.5 

14.1 


V 

Iqut'^ -20mA 

14 

14.4 


V 

Output Low Voltage 

Iqut” 200mA 


1.6 

2 

V 

louT= 20mA 


0.2 

0.5 

V 


SOFT START AND CURRENT LIMITS (Pins 12, 20 21) 


Voltage Threshold 

From V(IN) 

-250 

-200 

-150 

mV 

Bias Current 

V,(SENSE)=V(IN)-200mV 


27 

50 

pA 

Soft Start Icharce 


-10 

-13 

-16 

pA 

Soft Start blSCHARGE 


5 ' 

6.2 


mA 


REFERENCE SECTION 


Output Voltage 

Ta= 25°C, lpiN3i~1niA 

2.475 

2.5 

2.525 

V 

Line regulation 

5.4V < V,N < 20V, lpiN 3 i < -1 mA 


0.3 

0.8 

mV/V 
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ELECTRICAL CHARACTERISTICS 

Unless otherwise specified, T^=Operating Temperature Range, V(IN)=12V, V(GT)=22V, R(T)=120K^2. 


PARAMETER 

CONDITIONS 

MIN j 

TYP 

MAX 

UNITS 

12V LINEAR REGULATOR 

Output Voltage 

lo=60mA 

11.25 

12 

12.75 

V 

Line regulation 

16V<V(GT)<30V 


.01 


%/v 

Drop Out Voltage (Vgt-Vqut) 

lo=10mA 


2.3 

2.7 

V 

Load regulation 

1 OpA < Iq < 60mA 


200 

400 

mV 


5V LINEAR REGULATOR 


Output Voltage 

1001=1 m A 

4.85 

5.0 

5.15 

V 

Input Voltage 

VouT> 4.85V, lo=10mA 

6.2 



V 

Line Regulation 

5.4V < V|N < 20V, lo=10mA 


.75 

1.5 

% 

Load Regulation 

10pA<Io<25mA 


1.5 

2 

% 


V(BAT) and V(ADAPTER) COMPARATORS 


Input Bias Current 

V(IN)=20V 



100 

nA 

Input Offset Voltage 




±10 

mV 

Battery Low Vql 

loL= 200pA 



.4 

V 

Battery Low Vqh 

30KQ pullup to 5V 

4.5 

5.0 


V 

VG5 Source Current 

Vp,N3=V(GT)-3V 

-10 

-15 


mA 

VG5 Sink Current 

Vp,N3=lV 

100 



mA 


POWER MANAGEMENT DRIVERS (Pins 1 3 15, 1 7 19) 


Source Current 

VsouT“10V 

-20 

-40 

-60 

pA 

Sink Current 

VsouT=10V 

20 

42 

60 

pA 

Output High Voltage 

IsouT = -20pA 

14.5 

15.6 


V 

Output Low Voltage 

IsouT = 20pA 


.16 

.4 

V 


LOGIC INPUTS (Pins 8, 13-1 5, 30, 27) 


Logic Low (V|l) 

l|N>-5pA 



1.1 

V 

Logic High (V|h) 

l,N> 5pA 

2.5 



V 


SUPPLY CURRENT 


l(IN)+l(GT) 

Sleep Mode, Ta=25°C 


115 

150 

pA 

l(IN) 

Run Mode, Ta=25°C 


6 

10 

mA 

l(GT) 1 

Run Mode, Ta=25°C 


4 

6 

mA 


FUNCTIONAL DESCRIPTION 

POWER DOWN MODES 

The ML4862 operates in either a powered down mode or a 
run mode according to the state of the ON/OFF pin. When 
the ON/OFF pin is high, the 1C is in the run mode and all 1C 
sections are functioning. When the ON/OFF pin is low, the 
1C is in the standby mode and only the jiPower 5V linear 
regulator, 2.5V reference, and BATTERY LOW comparator 
are on. All gate drive outputs are low. The 5V linear 
regulator then provides the power to run the system's 
power management logic. 



4 5 6 7 8 9 


V(IN) INPUT (V) 

Figure 1. 5V Linear Regulator Output at low V(IN) 
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BUCK REGULATORS 

The two buck regulators (fig. 3) are synchronously rectifying 
voltage mode PWM regulators capable of being used over 
a wide variety of loads and input voltages. The use of 
synchronous rectification improves system efficiency by 
reducing the fixed drop associated with the 'Treewheeling" 
diode in conventional regulators. These regulators also 
drive all N-Channel power MOSFETs, significantly improving 
system efficiency at a low cost. In order to drive the 
MOSFET gates adequately, a V(GT) supply must be pro¬ 
vided which is higher than the battery voltage by an 
amount sufficient to provide full enhancement voltage to 
the MOSFETs. This can be generated by using a winding 
from the 5V buck regulator as shown below. V(GT) must 
not be lower than 0.5V below V(IN). 



Figure 2. Generating V(GT) bias voltage 

Buck Regulator A includes a pin to disable the synchronous 
rectifier driver (OUT2A) to prevent pulling current put from 
the output, allowing the inductor current to become 
discontinuous at light loads. 


Selection of the external MOSFETs, output inductor and 
capacitor determine the output capabilities of the regulator. 
Output voltage is set by RF1 and RF2 where. 


^OUT 


2.5 X (RF1-^RF2) 
RF2 



The short circuit current limit is set by external resistor R(S). 


*SHORT CKT 


0.2 

R(S) 


( 2 ) 


C(SS) is discharged when the regulator is off or when the 
voltage across R(S) exceeds 200mV. F2 ensures that C(SS) 
is fully discharged. This circuit provides reliable output 
short circuit protection with very little power wasted in the 
sensing element. The error amplifier's output voltage is 
limited to the voltage on the SOFT START pin. When C(SS) 
is discharged, the regulator's duty cycle is 0. 



R(T) Kohm 


Figure 4. Oscillator Frequency vs. R(T) 


V(OUT) 
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0 I-1-1 - 1 - 1-1 - 1 

0 500 1000 1500 

LOAD CAPACITANCE (pF) 


Figure 5. OUTl Rise and Fall Time vs. Load Cload 



0 500 1000 1500 

LOAD CAPACITANCE (pF) 

Figure 6. OUT2 Rise and Fall Time vs. Load Cload 

LOGIC TO MOSFET GATE DRIVERS 

This section provides a convenient translation stage for 
turning on low cost external N-Channel power MOSFETs 
for power management. SOUT sources current when SW 
is high and sinks current when SW is low. These outputs 
are limited to small currents to switch these MOSFETs 
slowly, reducing the transients to the main regulator output 
from switching in discharged capacitances. Additional slow 
down of the switching may be achieved by adding capaci¬ 
tance from the SOUT pins to GND. 

BATTERY DETECTION AND ADAPTER SWITCH 

These two functions are provided by comparators. The 
V(ADAPTER) comparator goes high when the V(BAT) pin is 
higher than V(ADAPTER), so that the system can run from 
the battery without the loss associated with a diode. When 
the AC adapter is plugged in, the voltage on pin 2 goes 
high, VG4 switches low, and the system runs from the AC 
adapter. A low battery comparator with an open collector 
output is also provided to monitor battery level. 

12V LINEAR REGULATOR 

The 12V regulator includes a shut-off pin. Since this 
regulator takes its input from V(GT) care should be taken to 
ensure that the regulator does not cause excessive heat in 
the 1C when used with high values of V(IN). 


12.5 



10 I_I_I_«_I_I_I_I 

0 25 50 75 100 125 150 175 

l(OUT) (mA) 

Figure 7. 12V Regulator Load Regulation 



V(IN) VOLTAGE 

Figure 8. Supply Current (V|n) vs. Vin Voltage 
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Figure 9. Supply Current (Igt) vs. Vqt Voltage 


Micro Linear 


6-157 



























ML4862 



5 10 15 20 

V(1N) VOLTAGE 

Figure 10. SLEEP mode Current (Iin) vs. Vin Voltage 


part of the on time of the low side MOSFET. The result of 
this current "shuttling" is a slight increase in losses. Buck 
regulator A includes the ability to disable the synchronous 
rectifier output to avoid current shuttling at light loads and 
thereby operate using conventional rectification. 

To avoid inductor saturation^ the maximum output current 
of the regulator should hot exceed 80% of the current 
rating of the inductor, especially when using ferrites, which 
have a "hard" saturation characteristic. Powdered iron 
cores saturate more softly and may therefore be pushed 
closer to their rated currents. 

DC resistance of the inductor sets up its conduction loss. 
For the same size package DC resistance decreases as 
inductance is decreased. It is a good rule of thumb to 
select the DC resistance of the inductor to be 1 /4 of the 
sum of the on resistance of the two output MOSFETs. This 
sets up conduction losses evenly among the power compo¬ 
nents. 


SEMI-STANDARD OPTIONS 

The ML4862 can be quickly and easily modified to suit 

individual customer requirements. Examples of some of the 

possible customizations might include: 

• Reducing the number of pins, or 1C cost by eliminating 
unwanted functions 

• Replacing unwanted functions with other functions 

• Putting certain external programming components on 
chip to save board space 

• Running the 12V regulator from V(IN) instead of V(GT) 
(when V(IN)> 14.5V). 

• Adding "Burp Mode" to increase efficiency at light 
loads 

Please contact Micro Linear for more information on Semi- 

Standard options for the ML4862. 


APPLICATIONS 

BUCK REGULATOR INDUCTOR 

Inductors are specified with three main parameters; induc¬ 
tance (L), maximum current (Iout(max) )/ and DC resistance. 
(Rl) 

Inductance for a given set of requirements can be calcu¬ 
lated with the following: 


(Mn-Vout) 




y^xFxAl 


Assuming that the desired ripple current: 


A1 = 40%(Imax) 

By choosing the ripple current to be 40% of maximum 
output current (Imax) / below 20% of ImaX/ the inductor 
will actually pull current out of the output capacitor during 


V(GT) GENERATION 

A two to one secondary winding from the 5V main output 
inductor will provide the gate drive voltage needed for high 
side switching (fig. 2). Because one end of the winding is 
tied to the input, the secondary voltage will be 10V above 
the input. When specifying the inductor, the maximum 
current rating of the inductor is the sum of the peak main 
output current and turns ratio multiplication of the maxi¬ 
mum secondary current only if both outputs draw maxi¬ 
mum current at the same time. Depending on l(GT) load 
requirements, the inductor current rating may be specified 
for maximum main output current without including the 
secondary current requirement. 

FREQUENCY SELECTION 

Frequency is set by the resistor R(T), which establishes the 
charge current for the internal capacitor. Since the dis¬ 
charge current is a constant, the dead time of the oscillator 
is constant. Therefore the maximum duty cycle increases as 
the oscillator frequency decreases. For low input voltage 
applications, a lower switching frequency may be required 
to maintain regulation at minimum input voltage. 

A lower switching frequency may also improve efficiency. 
Losses are comprised of: 

AC Losses: 

Inductor Core 
MOSFET Switching 
MOSFET Gate Drive Current 

DC Losses: 

Inductor |2R 
MOSFET |2 Rds(ON) 

Capacitor ESR 

At lower frequency, AC losses are reduced proportionately. 
Flowever the inductor's conduction losses increase for the 
same inductor size since inductance must increase propor¬ 
tionately to maintain the same amount of ripple current. 
Efficiency can be improved if inductor size is allowed to 
increase to allow more copper in the windings. 
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COMPENSATION 

Proper compensation can be accomplished in many ways. 
The simplest compensation scheme (fig. 3, without Cl) uses 
resistive feedback (R1) around the error amplifier. This 
reduces the gain of the op-amp which is in the overall 
loop's feedback path. This sets the overall loop gain to 
allow the loop's unity gain crossover to occur after the zero 
created by the ESR of the output capacitor has taken effect. 
This influences the two pole roll off created by the output 
inductor and the output capacitor providing the phase 
margin required to keep the loop stable under all condi¬ 
tions. 

R1/RF1 sets the gain (Ay) of the loop. Based on the 
following assumptions a gain of 5 is sufficient for any range 
of input voltages: 

1. Cq = 1 00|lIF per 500mA of maximum output current. 

2. Inductor ripple current is 40% of maximum output 
current. 

3. Load capacitance (Cl) is not more than output capaci¬ 
tance (Cq)- Load capacitance is capacitance that gets 
switched in and out when loads are switched in and 
out and Cq is the permanent output capacitance. 

4. ESR of the total output capacitance is within the limits 
indicated in table 1. Maximum ESR shown is for 
medium input voltage range (9V to 18V). Higher input 
voltage range (12V to 24V) requires lower limits (about 
30%) for the maximum ESR allowed. Lower input 
voltage range (6V to 12V) allows higher (40%) maxi¬ 
mum ESR limits. 

5. Table 1 is for lOOKHz operation. At lower switching 
frequency maximum ESR must be lower by a linear 
ratio, (i.e. at half the frequency maximum ESR must 
also be half). 


ESR(ma) 

OUTPUT 
CURRENT (MAX) 

MIN 

MAX 

30 

175 

1 

15 

75 

2.5 

8 

40 

5 


Table 1. Recommended ESR Values for lOOKhz operation 

Regulation can be greatly improved with a capacitor (Cl) 
placed in series with the feedback resistor. Its value should 
be high enough to be no longer a factor at high frequency. 
Cl can be calculated as: 

_ ^ JLoCo(MAX) 

Cl > -- 

RFl 


Several of the components in Figure 11 may not be re¬ 
quired depending on board layout and desired efficiency. 
V(GT) should not be allowed to;go below V(IN) by more 
than 0.5V. D5 can be eliminated if D2 is replaced by a 
Schottky. D4 and D3 are required to avoid negative 
currents from being pulled from the substrate of the 1C. 
These diodes can be replaced with 1 N4148's on the gates 
of Q2 and Q4 if a damping resistor is used from the gate to 
the 1C. D6 and D7 enhance the efficiency of the regulator 
by a small amount (about 1%) by preventing the MOSFET 
body diodes from turning on during the time when both 
halves of the MOSFET bridge are off. The energy which 
would be used for the reverse recovery of these body 
diodes is greatly reduced by using Schottkys. Dl can be 
either a conventional silicon rectifier or Schottky diode 
depending on efficiency vs. cost considerations. 

Resistors RIO and R11 are 20m^2 resistors which can be 
made with a small length of wire or a PC board trace. 

Cl 5 and Cl4 may be necessary to overcome the induc¬ 
tance in the sense resistor and are typically 0.1 |iF. 

Cl 2 can be implemented using two 100|aF tantalum 
capacitors in parallel or a 200jiF electrolytic capacitor with 
a 0.1 pF ceramic in parallel. Cl 3 can be implemented in a 
similar fashion. 

MOSFETs QT-Q4 should be rated to withstand the maxi¬ 
mum input voltage. Their on resistance will directly impact 
conduction losses and therefore efficiency. For board 
space considerations, the LittleFoot® series of MOSFETs 
provide a good trade-off between density and Rdson- 
The inductor manufacturers listed above can be reached at: 
Centronics (305)781-8900 

Sumida Electric (708) 956-0666 

Careful design of the inductor can improve efficiency by 
trading off cost and size. 


DESIGNATOR 

DESCRIPTION 

PART NUMBER 

C14, CIS 

0.1 uF, 50V (optional) 

see text 

Dl 

3A, 30V RECTIFIER 

see text 

D2 

100mA, 50V (min) RECTIFIER 

1N4148 

D3-D7 

SCHOTTKY DIODE 

1N5817 or 
MBRS130T3 

LI 

47uH, lA 

SUMIDA CRD125 

L2 

50uH,T.5A 

COILTRONICS 
CTX05-11209-1 

Q1-Q4 

N-CHANNEL POWER MOSFET 

MTD10N05E 

Q5-Q7 

N-CHANNEL POWER MOSFET 

MMDF4N02 

Q8 

N-CHANNEL POWER MOSFET 

Si9410 

RIO, Rll 

Q.02 OHM, 

see text 


Table 2. Circuit Values for typical application (Fig 11). 


LittleFoot is a registered trademark of Siliconix Inc. 
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Figure 11. ML4862 Typical Application 


i: : m ~ ^ efficiency measurements taken for figure 12 were 

90 “ 6v ~ ^ 2 K = measured with 1 /3 of the output power delivered by the 

n z ^^ iz:nr rz zz 3.3V regulator and 2/3 of the output power delivered the 

gQ E I I —— This circuit is available as a demonstration kit. Please 

n^o^z ^ — . |, I . . znzziizizz: contact your Micro Linear Distributor or Representative for 

75 ~25vi £zz: , 11 I . mnzizzzz: availability and price. 
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Figure 12. System Efficiency vs. Output Power 
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ORDERING INFORMATION 


PART NUMBER 

TEMPERATURE 

RANGE 

PACKAGE 

ML4862CS 

0°Cto +70'=C 

32-PIN SOIC(S32N) 


Other packages and temperature ranges can be made available on request. Contact your local Micro Linear Representative 
for more information. 
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ML4862EVAL 


Battery Power Controller Evaluation Kit 


GENERAL DESCRIPTION 

The ML4862EVAL kit provides a convenient vehicle to 
evaluate the ML4862 battery power control 1C. It contains 
all of the necessary documentation with the evaluation 
board and key components to quickly evaluate the 
application circuit. The board is designed for a 11W dual 
output power supply. However power components can be 
selected for higher or lower power applications. 

KIT COMPONENTS 

■ User's Guide 

■ ML4862 Datasheet 

■ Application Note 

■ ML4862 Sample 

■ Evaluation Board 

■ Key power semiconductor components 

■ SMD power inductors for both 5V and 3.3V outputs 

■ "Kool Mu®" toroid for inductor prototyping 


FEATURES 

■ Wide Input Range (5.5V to 25V) 

■ Dual Outputs (5V at 1.5A and 3.3V at 1 A) 

■ Efficiency as high as 95%. 

■ Line and Load Reg better than 5% at all conditions. 

■ Output Ripple to under 50mV pk-pk. 

■ Complete Short Circuit Protection 

■ Flash Memory Program Voltage (12V at 100mA) 

■ Load switching outputs. 

■ Battery connect terminals. 


BLOCK DIAGRAM 


ADAPTOR 


BATTERY 

MAIN ON/OFF 
12V ON/OFF 

LOAD 1 
LOAD 2 
LOADS 



5V (1.5A) 

5V (25mA) 
12V (100mA) 

3.3V (1A) 

5V LOAD 1 
5V LOAD 2 
5V LOAD 3 


Kool Mu is a registered trademark of Magnetics Division, Spang and Company. 
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Analog and Mixed Analog/Digital Tile Arrays 


Micro Linear's Tile Arrays can implement a wide range of 
complex circuit and performance applications. They are 
comprised of active and passive components arranged in 
organized tile patterns on an integrated circuit chip to 
provide maximum flexibility and ease of interconnection. 
After a circuit is designed and simulated, several metal 
patterns are created to connect the components and 
produce a customized analog USIC. USIC is an acronym 
for User Specific Integrated Circuit. USICs are integrated 
circuits that are specific to a customer or user and are 
commonly referred to as ASICs. 

STANDARD AND SEMI-STANDARD 
PRODUCTS 

The Tile Array methodology forms the foundation of many 
of Micro Linear's state-of-the-art product offerings. A large 
majority of our high volume standard products were 
developed using the sarne Tile Arrays that are used to 
develop high performance semi-custom solutions for 
customers. Standard products developed on Tile Arrays 
can be easily modified to meet a special need, or to gain a 
functional or performance advantage over a system using 
just standard products. This ability to change a standard 
product to meet a specific customer need is referred to as 
semi-standard products. 

PROCESS TECHNOLOGIES 

Micro Linear utilizes many of the latest high performance 
process technologies to build Tile Arrays. The highest 
performance and complexity is obtained with our 
BiCMOS process. This technology combines fast bipolar 
transistors with dense CMOS devices. With NPN cutoff 
frequencies of 4 GHz and channel lengths of 1.5p, this 
process allows the implementation of high complexity and 
high performance semi-custom devices. Poly resistors 
offer stable resistive elements with virtually no parasitics 
as compared to diffused resistors. The poly-metal 
capacitors are also very stable and offer a superior 
alternative over conventional metal-silicon types. The 
FC3500 family of general purpose tile arrays are built with 
the BiCMOS process. 

Two different bipolar technologies are used with distinct 
voltage and speed characteristics. A 12 volt, 1 GHz 
technology and a 36 volt, 300 MHz technology. The 12 
volt process is the higher speed process of the two, 
capable of implementing circuit band-widths up to 100 
MHz. The 36 volt process is useful where higher power 
supply voltage operation is needed. The FB3600 family is 
built with the 12 volt bipolar process and the FB3400 is 
built with the 36 volt process. 


Please refer to the Tile Array Process Technologies and 
Component Performance heading for more information. 

GENERAL PURPOSE TILE ARRAYS 

Micro Linear has three families of general purpose Tile 
Arrays. The arrays are configured with groupings of mini¬ 
tiles. Each mini-tile consists of selections of various types 
of active and passive components. Each of the Tile Arrays 
has a different mix and amount of mini-tiles. 

The three families are: 

EC3500-5 Volt BiCMOS 
EB3600- 12 Volt Bipolar 
FB3400 -36 Volt Bipolar 

The FC3500 family of Tile Arrays, built with 5 volt, 4 
GHz, 1.5p process, is capable of the highest performance 
and level of complexity. This is primarily due to the small 
size and high cutoff frequency (Ft) of the transistors in this 
technology. The FC3500 general purpose family of Tile 
Arrays is ideal where the circuit needs the high speed and 
accuracy of the bipolar transistors along with the dense 
logic, analog switch or FET input capability of the CMOS 
devices and operates from a single 5 volt power supply. 

The EB3600 family offers a wide range of general purpose 
Tile Arrays. Ranging from the smallest, the FB3605, which 
can accommodate 4 analog circuit blocks and 28 digital 
gates to the largest pure analog, the FB3630, which can 
accommodate over 20 analog functional circuit blocks. 
The FB3635 can accommodate 9 analog circuit blocks in 
addition to 130 digital gates. For high current output 
applications the FB3623 has four 0.5A output transistors. 

The FB3400 family is used when the power supply voltage 
in the system is greater than 12 volts. For example, 
common supply voltages of +/- 15 volts would require 
use of the FB3400 family. 

APPLICATION FOCUSED TILE ARRAYS 

Application focused tile arrays are optimized for a given 
application. Areas on the tile arrays are customized to 
implement the common functions required for a given 
application. In this way, higher performance can be 
achieved for these critical circuit blocks. These 
application focused tile arrays still maintain all the 
advantages of the general purpose tile arrays. All the 
individual components are uncommitted until connected 
with the two metal layers used in the final step of the 
wafer manufacturing process. A summary of the currently 
available application focused tile arrays is as follows: 
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APPLICATION 


FOCUSED 
TILE ARRAY 

APPLICATION AREA 

FC3560 

Mass Storage Read Channel 

FC3580 

Micro Power Controller 

FB3680 

Electronic Ballast with Power Factor 

Correction 

FB3651 

Local Area Network (LAN) Transceiver 

FB3480 

Power Supply Controller 

FB3490 

PWM Controller/Power Factor Correction 

FB3491 

Resonant Mode Controller 

FB3492 

Phase Modulation Controller 


PACKAGING 

Many types of packaging are available for the Tile Arrays. 
Devices can be assembled, tested and produced in high 
volume in dual-in-line (DIP), chip carriers (PLCC, LCC), 
small outline, or guil wing (SOIC), as well aS the latest fine 
pitch, very low profile quad flat packs (QFP, TQFP) and 
very small outline packages (SSOP). Tape and reel format 
shipments are available for automated assembly 
requirements. Please refer to the package selection guide 
in this section. 

DESIGN METHODOLOGY 

Micro Linear has extensive experience designing and 
producing state-of-the-art analog and mixed analog digital 
USICs. The key aspects of our successful methodology 
include: computer simulations with extremely accurate 
component models; in depth design reviews with the 
customer; expert mask layout with computer checking for 
accuracy; and complete packaging and testing capability. 

COMPUTER SIMULATIONS 

The expected performance of the finished iC is verified 
with computer simulations. Extensive simulations are 
performed with the latest workstation hardware running 
Micro Linear's proprietary SPICE simulator. The 
simulations are performed over the worst case conditions 
of temperature and power supply voltages as well as the 
expected process variations, to ensure a reliable and 
manufacturable device. 

The accuracy of the simulations are strongly dependent on 
the accuracy of the component simulations models. Micro 
Linear device simulation models are derived from 
extensive characterization measurements on finished 
devices. They are verified by matching the characteristics 
the simulation program predicts versus regularly updated 
measurements from production devices. 


DESIGN REVIEWS 

A thorough design review can have a significant impact 
on the success of a USIC development. At Micro Linear 
detailed design reviews are conducted with the customer 
engineer and several Mici;o Linear engineers in 
attendance. All aspects of the design are reviewed 
including system performance, circuit sthematics, 
simulation results, layout plan, test strategies, and package 
options. Upon completion of the review both the 
customer and Micro Linear have a high confidence for 
completely functional prototypes. 

USIC DEVELOPMENT PROGRAM 

A brief summary of the steps involved in developing a 
USIC with Micro Linear are: 

1. FORWARD INFORMATION TO MICRO LINEAR 

Customer provides block diagrams, discrete component 
schematics, and specification requirements on 
prospective USIC to Micro Linear for review. 

2. TECHNICAL REVIEW AND QUOTE 

Micro Linear reviews the customers block diagram, 
schematics, and specifications and responds with 
technical assessment, costs and development times. 

3. FINALIZE DEVELOPMENT PLAN 

Micro Linear and the customer agree on the 
development plan. 

4. FINALIZE CIRCUIT REQUIREMENTS 

Micro Linear consults closely with the customer to 
completely understand the functional and performance 
requirements. 

5. CIRCUIT DESIGN AND SIMULATION 

Micro Linear performs the circuit and the verification 
simulations. 

6. DESIGN REVIEW 

Customer participates in a detailed design review with 
Micro Linear engineers. 

7. MASK LAYOUT 

Micro Linear performs the mask layout for the circuit 
on the chosen array. 

8. INTEGRATION 

Micro Linear performs the integration steps including; 
Mask fabrication, wafer processing, wafer test, 
packaging, and prototype testing. 

9. DELIVER PROTOTYPES 

Micro Linear delivers prototypes to the customer. 

10. CUSTOMER EVALUATES PROTOTYPES 
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Semi-Standard Products 


Semi-standard analog ICs are created by modifying 
existing standard products. Modifications can span all the 
way from a functional circuit change to simple variation in 
the part marking. Examples of the range of possible semi¬ 
standard modifications are as follows: 

CIRCUIT MODIFICATIONS 

Modify Functional Blocks 
Change Input/Output Levels 
Adjust Gain/Thresholds 
Shift Logic Levels (ECL, TTL, CMOS) 

Move Current Limit Point 

Increase/Reduce Bandwidth 

improve Power Consumption 

Tweak Charge/Discharge Currents 

OTHER SEMI-STANDARD MODIFICATIONS 

Change Part Marking 

Extend the Temperature Range 

Add Electrical Tests 

Modify the Pinout 

Change the Package 

Circuit modifications are easily made to Micro Linear's 
standard products because they are built using our 
proprietary Tile Array technology. Tile Arrays are 
collections of active and passive components arranged in 
a pattern on an integrated circuit chip. Each standard 
product is developed by designing two layers of metal 
interconnect to implement the specific circuit functions 
required for the product. 

SEMl-STANDARD DEVELOPMENT 

A semi-standard circuit can be easily and quickly 
developed from a standard product. The customer need 
only define the functional, performance or physical nature 
of the modifications necessary to the Micro Linear 
standard product to meet his/her system requirements. 
Micro Linear will then accomplish the circuit design and 
complete the performance verification simulations. At this 
point a design review is held with the customer to make 
sure all aspects of the development are in accordance 
with the customer requirements. Micro Linear then 
proceeds with making the necessary layout changes, 
manufacturing, testing, and delivering the prototypes. This 
complete development flow is illustrated in Figure A. 


SEMI-STANDARD FLOW CHART 
CONCEPT TO PROTOTYPE 



Figure A. 
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Micro Linear produces standard products using BiCMOS 
and bipolar Tile Arrays and CMOS standard cell 
technologies. The Tile Array technology allows the widest 
range functional and performance modification 


possibilities. The CMOS standard cell technology, while 
not flexible for functional modifications, can still 
accommodate performance, specification, or physical 
changes. A summary of the types of modifications possible 
for each group of standard products is shown in Table B. 


TABLE B 



FUNCTIONAL 

PERFORMANCE 

SPECIFICATION OR 


TECHNOLOGY 

MODIFICATIONS 

MODIFICATIONS 

PACKAGING CHANGES 

POWER AND MOTION CONTROL 

High Frequency PWM Control 

BT 

Yes 

Yes 

Yes 

Resonant and Phase Modulation 

BT 

Yes 

Yes 

Yes 

Power Factor Control 

BT 

Yes 

Yes 

Yes 

Notebook/Laptop Power 

BT 

Yes 

Yes 

Yes 

Low Voltage Regulators 

BC 

Yes 

Yes 

Yes 

Sensorless Motor Control 

BT 

Yes 

Yes 

Yes 

DATA COMMUNICATIONS 

Fiber Optic LED Drivers 

BT 

Yes 

Yes 

Yes 

Fiber Optic Quantizer 

BT 

Yes 

Yes 

Yes 

lOBase-T Trans: AUl/MPR 

BT 

Yes 

Yes 

Yes 

10Base-FL Transceivers 

BT 

Yes 

Yes 

Yes 

lOBase-T Physical Interface 

CS 

Limited 

Limited 

Yes 

High Speed LED Drivers 

BC 

Yes 

Yes 

Yes 

High Speed Quantizer 

BC 

Yes 

Yes 

Yes 

AUl-MUX 

BT 

Yes 

Yes 

Yes 

MLT-3 Transceiver 

BC, 

Yes 

Yes 

Yes 

Token Ring Physical Interface 

BC 

Yes 

Yes 

Yes 

ANALOG TELECOM/NCTE 

Signal Equalizers 

CS 

No 

Yes 

Yes 

Gain/Attenuators 

CS 

No 

Yes 

Yes 

Sine Wave Generators 

CS 

No 

Yes 

Yes 

Tone Detectors 

CS 

No 

Yes 

Yes 

HARD DISK DRIVES 

Pulse Detectors 

BT 

Yes 

Yes 

Yes 

Data Separators 

BT 

Yes 

Yes 

Yes 

Dedicated Servo Control 

BT 

Yes 

Yes 

Yes 

Voice Coil Driver 

BT 

Yes 

Yes 

Yes 

Read Channel Combo 

BC 

Yes 

Yes 

Yes 

Area Detection Servo 

BT 

Yes 

Yes 

Yes 

Filter/Equalizer 

CS 

Limited 

Limited 

Yes 

DATA CONVERSION & FILTERING 

8, 10 & 12 A/D Converters 

CS 

No 

Limited 

Yes 

8-Bit D/A Converters 

CS 

No 

Limited 

Yes 

Switched Cap Filter 

CS 

No 

Limited 

Yes 

(Technology Code: BT = Bipolar Tile Arrays; BC = 

BiCMOS Tile Arrays; CS 

= CMOS Standard Cells) 
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Tile Array Process Technology 
and Component Performance 


Micro Linear currently utilizes three advanced process technologies to manufacture Tile Array 
products. They are: 

FC3500 — 5 volt BiCMOS 
FB3600 — 12 volt Bipolar 
FB3400 — 36 volt Bipolar 

A comparison of some of the key parameters of the process and the components is shown in the 
tables below. NOTE: All numbers are typical. 


PARAMETER 

FC3500 

FB3600 

FB3400 

Nominal Operating Voltage 

5 volts 

12 volts 

36 volts 

NPN Cutoff Frequency (fj) 

4GHz 

1GHz 

300MHz 

PNP Cutoff Frequency (fj) 

50MHz 

12MHz 

5MHz 

NPN Beta — Typical 

100 

120 

140 

PNP Beta — Typical 

30 

40 

40 

Resistor Matching — Best 

0.5% 

0.5% 

2% 

Resistor Matching — Typical 

1-3% 

2-4% 

2-4% 

Primary Resistor Type 

Poly : 

Diffused 

Diffused 


CIRCUIT PARAMETER 

FC3500 

FB3600 

FB3400 

Amplifier Bandwidth 

350MHz 

100MHz 

30MHz 

Op-Amp Bandwidth 

60MHz 

20MHz 

8MHz 

Offset Voltages — Untrimmed 

±0.5mV . 

±1mV 

±3mV 

Offset Voltages — Trimmed 

±0.1 mV 

±0.1 mV 

±0.1 mV 

Bipolar ECL Gate Delays 

0.6ns 

3ns 

10ns 

MOS Gate Delays 

Ins 

N/A 

N/A 

Voltage Reference Accuracy — Trimmed 

±0.05% 

±0.05% 

±0.05% 
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FC3510 General Purpose BiCMOS Tile Array 

GENERAL DESCRIPTION FEATURES 


The FC3510 is one member of a high speed, high 
complexity family of General Purpose tile Arrays using 
our new 5 volt, 4 GHz BiCMOS technology. These 
BiCMOS Tile Arrays allow high speed, high complexity, 
cost effective circuits to be easily integrated. The Tile 
Array methodology consists of simply designing and 
manufacturing two metal mask layers to implement the 
required circuitry on pre-manufactured base arrays. The 
base arrays contain all of the pre-defined and 
characterized components. 

The BiCMOS process combines a fast 4 GHz analog 
bipolar technology with a dense 1.5p CMOS digital 
capability. This powerful combination enables a high 
level of integration of mixed analog and digital circuits to 
be achieved on a single silicon device. 

The array consists of different types of mini tiles. Each 
mini tile is a collection of a specific type of component 
such as NPNs, PNPs, NMOS or PMOS transistors, poly 
resistors, MOS capacitors, gates, etc. The FC3510 
contains approximately 600 active devices and over 
2.5SAQ of poly resistance. This array can realize up to 12 
analog functional blocks combined with 22 digital gates. 


■ 5 volt, 4 GHz/1.5p BiCMOS Technology 

■ Ideal for Very High Speed, High Complexity Circuits 

■ Can Integrate 12 Analog Circuit Blocks 
with 22 CMOS Gates 

■ Fast, Low Risk Circuit Development and Production 
using the Tile Array Technology 


ARRAY SUMMARY 


NPN Transistors 

364 

PNP Transistors 

96 

NMOS Transistors 

68 

PMOS Transistors 

68 

Total Poly Resistance 

2620K 

Total MOS Capacitance 

30pF 

Total Components 

1460 

Bond Pads 

28 

Die Size (mils) 

70 X 88.5 



FC3510 BiCMOS Tile Array 
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FB3600 Tile Array Selection Guide 


Array 

FB3605 

FB3610 

FB3620 

FB3621 

FB3622 

FB3623 

FB3630 

FB3631 

FB3635 

Description 

Small 

High 

Frequency 

Small 

General 

Purpose 

Medium 

General 

Purpose 

Medium 

High 

Frequency 

Medium 

Power 

Schottky 

Medium 

High 

Power 

Large 

General 

Purpose 

Large 

Mixed 

Analog/ 

Digital 

Large 

Mixed 

Analog/ 

Digital 

Mini Tile Summary 

T1 

General 

10 

48 

64 

48 

48 

64 

112 

92 

36 

T1A 

General 

10 









T2 

Specialized 

2 


12 

8 

12 

12 

24 

12 

4 

T2A 

Specialized 

2 









T3 

Power 

2 

4 

4 

2 


4 

4 

4 

2 

T4 

Low Noise 


4 

— 

4 

4 


2 

4 



T5 

Precision 



4 



4 

8 


2 

T6 

NPN Intensive 




8 





8 

T7 

High Frequency 



— 

12 

12 



4 

12 

T8 

Schottky Core 









4 

T9 

ECL Logic 

10 







22 

42 

T10 

ECL Logic Bias 








1 

1 

T11 

TTL Output 

8 



4 




8 

8 

T12 

Schottky Peripheral 









2 

T13 

High Frequency 

4 









T14 

High Power NPN 






4 




T15 

Medium Current PNP 






4 




T16 

Power Schottky 





14 






General 
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Array Summary 

Complexity* 

Analog 

Digital 

4 

28 

6 

12 

8 

12 

12 

24 

12 

62 

9 

130 

NPN Transistors 

260 

178 

268 

329 

276 

272 

472 

690 

901 

PNP Transistors 

32 

78 

124 

88 

108 

132 

232 

154 

63 

Schottky Transistors 

16 



8 

14 



16 

48 

Total Diffused Resistance 

240K 

288K 

425K 

495K 

432K 

425K 

768K 

850K 

818K 

Total Implant Resistance 

816K 

1563K 

2048K 

2064K 

1920K 

2048K 

3584K 

3928K 

3064K 

Total MOS Capacitance 

20pF 

30pF 

60pF 

40pF 

60pF 

60pF 

120pF 

60pF 

40pF 

Total Components 

840 

742 

1092 

1508 

1370 

1360 

1944 

2806 

2805 

Bond Pads 

24 

24 

32 

32 

28 

27 

46 

44 

44 

Die Size (mils) 

70 X 110 

82 X 102 

102 X 115 

102 X 115 

112 X 125 

115 X 122 

131 X 150 

142 X 156 

131 X 150 


* Analog complexity is in one 741 op-amp or two 339 comparator equivalents. (See also Power Supplies Arrays in section 6) 

Digital complexity is in two input NAND gate equivalents. 
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Component Performance 


COMPONENT 

FB3600 FAMILY 

NPN Transistor 

hpE = 120 

. ' . ,.. 

fT = 750MHz 


BVceo = 14V 

NPN Large Transistor (FB3623 Only) 

hpE = 100 
fj = 750MHz 

BVceo = 14V 

Ic = 0.5A 

PNP Substrate Transistor 

hpE = 60 


fj = 24MHz 

BVceo = 25V 

PNP Lateral Transistor 

hFE = 30 
ij = 12MHz 

BVceo = 25V 

Diffused Resistor 

2% matching with ±20% absolute value 

Precision Resistors 

0.5% matching with ±20% absolute value 

Implant Resistors 

4% matching with ±25% absolute value 

MOS Capacitor 

±20% absolute value 
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FB3600 Mini Tile Description 


T1 Mini Tile 

The T1 mini tile contains the components that 
constitute the major portion of most analog 
designs. It can implement many common 
building block functions such as current mirrors, 
differential gain stages and level shifters. It is the 
most general-purpose analog building block and 
has the greatest frequency of placement within 
the arrays. 

T1A Small T1 Mini Tile 

The T1A mini tile is a slightly modified T1 general 
purpose mini tile. It has the same active device 
count but has about half the resistor segments, 
just like the T1 mini tile this tile is configured to 
implement many of the fundamental circuit 
blocks in integrated circuit design such as current 
mirrors, differential amplifiers and level shifters. 

T2 Mini Tile 

Many analog building blocks, such as op-amps, 
use a T2 mini tile along with multiple T1 mini 
tiles. This mini tile has the second greatest 
frequency of placement within the arrays. The 
MLC3630 is a silicon dioxide capacitor whose 
value can be programmed up to 5pF. This 
capacitor is often used to provide on-chip 
compensation for operational amplifiers. 

T2A Small T2 Mini Tile 

This mini tile is very similar to but smaller than 
the T2 mini tile. This mini tile Is typically used in 
conjunction with several T1 mini tiles. 

Operational amplifiers that use an on-chip 
compensation capacitor are built with a T2 or 
T2A and T1 mini tiles. 

T3 Mini Tile 

This mini tile contains two NPN power transistors 
for output stages driving up to 100mA each. 

These mini tiles are located in peripheral 
positions around the chips, in close proximity to 
the bonding pads. 

T4 Mini Tile 

This mini tile contains two large six emitter low 
noise NPN transistors. These transistors are used 
in circuits which require noise performance of 
less than 5nV>/Hz. These transistors can also be 
medium capacity power transistors. 



Components Qty. 

MLC3600 minimum NPN 3 

MLC3611 lateral PNP 1 

MLC3620 750Q base resistor 8 

MLC3621 4KQ implant resistor 4 

MLC3622 8Kn implant resistor 2 





MLC3600 minimum NPN 3 

MLC36'I1 lateral PNP 1 

MLC3620 750Q base resistor 4 

MLC3621 4KQ irnplant resistor 2 



MLC3601 circular emtter NPN 2 

MLC3602 three emitter NPN 1 

MLC3610 minimum vertical PNP 4 

MLC3612 2X vertical PNP 1 

MLC3630 5pF MOS capacitor 1 








jjjgj 


MLC3604 6X low noise NPN 2 
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T5 Mini Tile 


This mini tile contains six minimum geometry 
NPN transistors and twelve precision resistor links. 
These special resistors have a nominal ohmic 
value of 850Q and are matched to within an 
accuracy of 0.5%. It is possible to construct R-2R 
ladders to be used in the core of an 8-bit DAC by 
using two T5 mini tiles. 



Components Qty. 

MLC3600 minimum NPN 6 

MLC3625 8500 precision rpsistor 12 


T6 Mini Tile 

The T6 mini tile is designed for NPN intensive 
transistor circuit design. ECL logic can be 
implemented with this tile. 

T7 Mini Tile 

This mini tile contains six dual base contact 10mA 
high speed, low noise NPN transistors. Each of 
these small transistors has a 50Q base resistance. 
Two T7 tiles can Implement 100MHz cascode 
amplifier or a 60MHz video amplifier. 

T8 Mini Tile 

The T8 mini tile contains a mixture of schottky 
and other components for analog design. The 
schottky devices are useful for clamping signal 
levels and in certain high speed comparator 
designs. 

T9 Mini Tile 

This mini tile contains one basic ECL logic cell 
which can implement one data latch (with set & 
reset). Two basic EGL logic cells can implement 
one edge triggered D-type flip-flop (with set and 
reset). An alternative usage for one basic ECL logic 
cell would be to Implement three 2-input ECL 
gates, two 4-input ECL gates or one 8-input ECL 
gate. The actual gate can be a NAND, AND, OR or 
NOR gate. Two of the minimum NPNs have their 
collectors tied to Vqq. 




B 

B 

1 

H 

B 


nairE'nl 

jgB 

3 


3 

m=m 






MLC3600 minimum NPN 6 

MLC3620 75GQ base resistor 8 

MLC3621 4KO implant resistor 4 

MLC3600 minimum NPN 2 

MLC3606 double base NPN 6 

MLC3620 7500 base resistor 16 

MLC3621 4KO implant resistor 8 


MLC3607 minimum schottky NPN 2 

MLC3602 three emitter NPN 1 

MLC3612 2X vertical PNP 1 

MLC3608 minimum schottky diode 4 

MLC3630 5pF MOS capacitor 1 


MLC3600 minimum NPN 8 

MLC3600A two minimum NPNs 2 

MLC3600B minimum NPN 2 

MLC3600C minimum diode 2 

MLC3620 7500 base resistor 12 

MLC3621 4KO implant resistor 8 


TIO Mini Tile 

The TIO mini-tile provides the necessary 
temperature adjusted reference voltages for 
biasing the ECL logic. Unlike analog voltage 
references, ECL logic needs the bias reference to 
vary with temperature. This mini tile has its 
function predefined for most applications. 



MLC3600 minimum NPN 
MLC3611 lateral PNP 
MLC3612 2X vertical PNP 
MLC3620 7500 base resistor 
MLC3621 4KO implant resistor 
MLC3630 5pF MOS capacitor 


13 

2 

1 

30 

6 

1 


Til Mini Tile 

This mini tile contains components for building an 
output buffer for a TTL or CMOS output stage 
(TTL fanout of 2). The mini tile can convert the 
on-chip ECL logic levels to TTL or CMOS logic 
levels. 


011OOBI 



B 

BBB 


MLC3600 minimum NPN 2 

MLC3609 6X schottky NPN 1 

MLC3613 2X schottky NPN 1 

MLC3620 750n base resistor 5 

MLC3621 4KQ implant resistor 1 

MLC3624 50Q emitter resistor 1 


T12 Mini Tile 

The T12 mini tile contains additional Schottky 
components for building TTL or CMOS input or 
output buffers. 



MLC3607 minimum schottky NPN 2 
MLC3609 6X schottky NPN 2 
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T13 High Frequency Mini Tile 

High frequency circuit design requires specially 
designed components. This mini tile contains 
transistors with low internal base resistance and 
low value, small area base resistors essential for 
high frequency circuit design. The low value 
resistors are critical in high frequency design as 
load resistors to achieve a practical output swing 
with the high currents necessary to maximize the 
bandwidth of the transistors. The small area of 
these resistors is also very important because it 
minimizes the parasitic capacitance that limits high 
frequency performance. This mini tile contains 
minimum NPN transistors, circular NPN transistors, 
double base NPN transistors, base, implant, and 
small area base resistors. 

T14 High Power NPN Mini Tile 

The T14 mini tile contains a high current NPN 
power transistor and a clamp diode. These devices 
along with the PNP transistors on the T15 mini tile 
can implement a high power output stage with 
surge protection. The NPN power transistor can 
handle 0.5 Amps of current. The clamp diode is 
connected to protect the large NPN from 
transient surge voltages and currents. 

T15 Medium Current PNP Mini Tile 

This mini tile has the PNP transistors that work in 
conjunction with the power devices in the T14 
mini tile to implement an output stage. These PNP 
transistors can supply the necessary base drive 
current, up to 10 mA, for the large NPN 
transistors. Also on this mini tile is a smaller PNP 
that is a scaled version of the large PNP. This PNP 
is typically connected with the larger PNP as a 
current mirror with a gain of nine. 

T16 Power Schottky Mini Tile 

The T16 mini tile consists of one schottky NPN 
transistor capable of handling 120 mA. This 
schottky device is useful in the design of output 
stages that need to drive high current pulses into 
magnetic heads. Switching speed is enhanced 
over a regular power transistor because saturation, 
and the resulting speed degradation, is avoided 
with the schottky transistor. 

T17 General Purpose Mini Tile 

The T17 mini tile is used for general purpose 
design. It contains minimum NPN and minimum 
vertical PNP transistors and implant resistors. 


■ ■ 

IS sils 
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Components Qty. 


MLC3600 minimum NPN 2 

MLC3601 circular emitter NPN 2 

MLC3606 double base NPN 4 

MLC3620 7500 base resistor 8 

MLC3621 4KO implant resistor 4 

MLC3629 2250 base resistor 6 



MLC3605A high power NPN (0.5A) 1 

MLC3609A clamp diode 1 


ilHiiJ I MIMiB 


MLC3616 36X lateral PNP 1 

MLC3615 4X lateral PNP 1 



MLC3631 large Schottky NPN 


1 



MLC3600 minimum NPN 4 

MLC3610 minimum vertical PNP 4 

MLC3621 4KO implant resistor 12 

MLC3622 8KO implant resistor 6 
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FB3605 Small High Frequency Tile Array 


GENERAL DESCRIPTION 

The FB3605 is a bipolar analog tile array developed for 
mixed analog and digital applications that require high 
frequency performance. This FB3600 family tile array 
utilizes our proprietary mini tile architecture. The mini 
tile approach combined with our 12 volt, 1 GHz 
technology allows high complexity, high speed circuits 
to be easily integrated. 

High frequency circuits like a 90 MHz voltage 
controlled oscillator or other similar performance 
circuits can be integrated using the FB3605 tile array. 

In addition to this particular circuit block the array can 
also contain 4 full function op amps (741 type) as well 
as 28 gates of ECL logic and 8 digital output buffers 
capable of interfacing to ECL, TTL, or CMOS. 

A new high frequency mini tile was designed for this 
array. This mini tile contains 4 double base, high 
frequency NPNs and 6 low value (225 ohm) base 
resistors along with other NPNs and resistors. The 
double base NPNs and the low value base resistors are 
the key to Implementing high frequency circuits. 

The FB3605 Is the smallest of the FB3600 family of 
arrays. The small die, 70 by 110 mils, allows it to fit into 
a very small package. The FB3605 can be assembled in 
a 0.15 inch wide SOIC package for minimum board 
space. 


FEATURES 

■ High frequency operation 

■ Small die size — Fits in narrow SOIC Package 

■ Mixed Analog and Digital circuitry 

■ 5 analog circuit blocks with 28 ECL gates 

■ On chip MOS capacitors 

■ 12 volt, 1 GHz technology 

ARRAY SUMMARY MINI TILE SUMMARY 


NPN Transistors 

260 

T1 General 

10 

PNP Transistors 

32 

T1A Small T1 

10 

Schottky Transistors 

16 

T2 Specialized 

2 

Total Diffused 

240 K 

T2A Small T2 

2 

Resistance 


T3 Power 

2 

Total Implant 
Resistance 

816 K 

T9 ECL 

10 

Total MOS 

20 pF 

Til TTL Output 

8 

Capacitance 

T13 High Frequency 

4 


Total Components 840 


Bond Pads 24 

Die Size (mils) 70 x 110 



FB3605 —■ Small High Frequency Tile Array 
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FB3610, FB3620, FB3630 General Purpose Tile Arrays 


GENERAL DESCRIPTION FEATURES 


The FB3610, FB3620, and FB3630 are general purpose 
analog tile arrays capable of implementing a wide 
range of circuit functions. These FB3600 family arrays 
use our proprietary mini-tile architecture. The mini-tile 
approach combined with our 12-volt, 1 GHz 
technology allows high complexity, high speed circuits 
to be easily integrated. 

Each of these general purpose arrays have the same 
basic structure. The difference is in the number of 
mini-tiles and therefore the number of total 
components available on each array. The different 
arrays can incorporate differing levels of circuit 
complexities. The FB3610 is the smallest and able to 
contain approximately six full function operational 
amplifiers or twelve comparators. The largest general 
purpose array, the FB3630, can incorporate 24 
operational amplifiers or as many as 48 comparators. 

Both the FB3620 and FB3630 contain precision resistor 
mini-tiles which allows precision circuits to be 
integrated on these arrays. The typical resistor match 
of 0.5% enables an 8-bit DAC to be implemented. All 
three of these arrays also contain low noise and power 
devices. The low noise transistors allow circuits with 
less than SnV/v/Rz input referred noise to be realized. 
The power transistors can supply up to 100mA each 
and can be paralleled for higher currents. Other FB3600 
arrays can achieve up to 2 amps. 

High performance circuits can be implemented on 
these arrays. Amplifiers with bandwidths up to 70 MHz 
and voltage controlled oscillators up to 50 MHz can be 
implemented on the FB3610, FB3620 or FB3630 arrays. 
Higher frequency performance can be achieved on 
other FB3600 family tile arrays. 


■ High complexity and high performance 

■ Operates with supplies up to 12 volts, ±10% 

■ Flexible mini-tile architecture 

■ Precision and high current components 

■ 12 volt, 1 GHz technology 


ARRAY SUMMARY 



FB3610 

FB3620 

FB3630 

NPN Transistors 

178 

268 

472 

PNP Transistors 

78 

124 

232 

Total Diffused Resistance 

288K 

425K 

768K 

Total Implant Resistance 

1563K 

2048K 

3584K 

Total MOS Capacitance 

30pF 

60pF 

120pF 

Total Components 

742 

1092 

1944 

Bond Pads 

24 

32 

46 

Die Size (mils) 

82 X 102 

102 X 115 

131 X 150 

MINI-TILE SUMMARY 


FB3610 

FB3620 

FB3630 

T1 General 

48 

64 

112 

T2 Specialized 

6 

12 

24 

T3 Power 

4 

4 

4 

T4 Low Noise 

4 

4 

4 

T5 Precision 


4 

8 




FB3610 

FB3620 

FB3630 
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FB3621 Medium High Frequency Tile Array 


GENERAL DESCRIPTION FEATURES 


The FB3621 array is ideal for applications that have 
high frequency and low noise requirements. This 
FB3600 family tile array utilizes our proprietary mini-tile 
architecture. The mini tile approach combined with 
our 12-volT 1 GFtz technology allows high complexity, 
high speed circuits to be easily integrated. 

High frequency and low noise circuits require 
transistors with low parasitic base resistance. This array 
contains a large number of transistors with dual base 
contacts and therefore low base resistance. In addition 
to these high frequency/low noise NPNs the array has 
a high percentage of regular NPN devices. The high 
overall number of NPN transistors enables a large 
number of high frequency circuit blocks to be 
implemented. ECL logic, which uses mostly NPN 
devices, can also be integrated on this array. 

Typical types of circuit functions that can be 
implemented on the FB3621 array are 100 MHz 
cascode amplifiers, VCOs, wideband/low noise 
amplifiers, and high speed comparators (Tq < 5ns). 


■ High frequency operation 

■ Low noise circuits 

■ On-chip MOS capacitors 

■ 12 volt, 1 GHz technology 

ARRAY SUMMARY MINI TILE SUMMARY 


NPN Transistors 

329 

PNP Transistors 

88 

Schottky Transistors 

8 

Total Diffused 
Resistance 

495K 

Total Implant 
Resistance 

2064K 

Total MOS 
Capacitance 

40pF 

Total Components 

1508 

Bond Pads 

32 

Die Size (mils) 

102 X 115 


T1 General 

48 

T2 Specialized 

8 

T3 Power 

2 

T4 Low Noise 

4 

T6 NPN Intensive 

8 

T7 High Frequency 

12 

Til TTL Output 

4 
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FB3622 Medium Power Schottky Tile Array 


GENERAL DESCRIPTION 

The FB3622 is a bipolar analog tile array developed for 
applications that require fast high current outputs. This 
FB3600 family tile array utilizes our proprietary mini tile 
architecture. The mini tile approach combined with 
our 12 volt, 1 GHz technology allows high complexity, 
high speed circuits to be easily integrated. 

Around the perimeter of the die are fourteen large 
schottky NPN power transistors. These power 
transistors, capable of handling over 100 mA each, 
make this array ideal for applications which call for 
driving inductive loads with high currents such as 
magnetic write heads. Twelve high frequency tiles 
expand the capabilities of this array. These high 
frequency tiles allow high frequency circuit blocks to 
be included on this array. 

This array can accommodate eighteen functional 
blocks of the approximate complexity of a 324 
operational amplifier. 


FEATURES 

■ 14 power schottky NPN transistors 

■ Design complexities of 18 functional blocks 

■ Precision and high frequency mini tiles 

■ On chip MOS capacitors 

■ 12 volt, 1 GHz technology 


ARRAY SUMMARY 


MINI TILE SUMMARY 

NPN Transistors 

276 

T1 General 

48 

PNP Transistors 

108 

T2 Specialized 

12 

Schottky Transistors 

14 

T7 Fligh Frequency 

12 

Total Diffused 
Resistance 

432 K 

T16 Power Schottky 

14 


Total Implant 

1920 K 

Resistance 


Total MOS 

60 pF 

Capacitance 


Total Components 

1370 

Bond Pads 

28 

Die Size (mils) 

112 X 125 
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FB3623 Medium High Power Tile Array 


GENERAL DESCRIPTION FEATURES 


The FB3623 is a bipolar analog tile array capable of 
handling up to 2 amps of current. This FB3600 family 
tile array utilizes our proprietary mini tile architecture. 
The mini tile approach combined with our 12 volt, 

1 GHz technology allows high complexity high speed 
circuits to be easily integrated. 


■ High Current Capability — up to 2 A 

■ Mixed High Power and Low Level Circuits 

■ High complexity with High Performance 

■ On chip MOS capacitors 

■ 12 volt, 1 GHz technology 


The array has two distinct sections, one with the 
power output devices and the other for general 
purpose circuits. The general purpose section, the 
larger area, is configured for circuits that can be 
designed using the various types of mini tiles. Op 
Amps, comparators, video amplifiers, voltage controlled 
oscillators, analog multiplexers, and mixers, are some 
examples of the types of circuit functions that can be 
realized using these mini tiles. 

The other section of the array has components 
designed for high current output stages. Consisting 
primarily of four 0.5 A power NPNs, four 10 mA lateral 
PNPs, and four high current clamp diodes, this area 
can integrate output stages with a wide variety of 
configurations such as a four by 0.5A, two by 1 A, or 1 
by 2 A for examples. The clamp diodes protect the 
output transistors from spurious transient signals on 
the output. 

The two sections are separated by a diffused region 
which minimizes any coupling from the output 
transistor section back into the rest of the circuit 
which might cause problems due to high gain or low 
signal levels. 



FB3623 — Medium High Power Tile Array 


ARRAY SUMMARY MINI TILE SUMMARY 


NPN Transistors 

272 

T1 General 

64 

PNP Transistors 

132 

T2 Specialized 

12 

Total Diffused 

425 K 

T3 Power 

4 

Resistance 


T4 Low Noise 

2 

Total Implant 
Resistance 

2048 K 

T5 Precision 

4 


T14 High Power NPN 


Total MOS 

60 pF 

4 

Capacitance 

T15 High Power PNP 

4 


Total Components 

1360 

Bond Pads 

27 

Die Size (mils) 

115 X 122 
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FB3631 Large Mixed Analog Digital Tile Array 


GENERAL DESCRIPTION FEATURES 


The FB3631 tile array was developed for mixed analog 
digital applications. This FB3600 family tile array utilizes 
our proprietary mini tile architecture. The mini tile 
approach combined with our 12 volt, 1 GHz 
technology allows high complexity, high speed mixed 
signal circuits to be easily integrated. 

This array is optimized for high complexity analog with 
a moderate amount of digital circuitry. For example, 
twelve 324 style operational amplifiers, sixty-six gates of 
logic, eight digital output buffers, and 3 other circuit 
blocks can all be implemented on a FB3631 tile array. 

Our 1 GHz bipolar process allows us to achieve high 
performance circuits on our FB3600 tile arrays. 
Amplifiers with a bandwidth of 100 MHz and digital 
ECL gates with delays of 2 ns can be implemented on 
Micro Linear tile arrays. 


■ Mixed Analog and Digital Circuitry 

■ 15 Analog circuit blocks with 66 ECL Gates 

■ 2800 Components, 44 Bond Pads 

■ On chip MOS Capacitors 

■ 12 volt, 1 GHz technology 


ARRAY SUMMARY 

NPN Transistors 

690 

PNP Transistors 

154 

Schottky Transistors 

16 

Total Diffused 
Resistance 

850 K 

Total Implant 
Resistance 

3928 K 

Total MOS 
Capacitance 

60 pF 

Total Components 

2806 

Bond Pads 

44 

Die Size (mils) 

142 X 156 


MINI TILE SUMMARY 


T1 General 

92 

T2 Specialized 

12 

T3 Power 

4 

T7 Fligh Frequency 

4 

T9 ECL 

22 

T10 ECL Bias 

1 

Til TTL Output 

8 

T17 General 

1 
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FB3635 Analog and Digital Tile Array 


GENERAL DESCRIPTION 

The FB3635 offers both analog and digital circuit design on a 
single tile array. The top half of the FB3635 contains 
components for analog circuit design. The bottom half of the 
array contains npn components for digital design. 

The analog section can implement eight LM324 type op 
amps or twelve LM339 type comparators. Many comparator 
applications can use a comparator with npn transistors in the 
input stage. In this case, the analog section of the array can 
be filled with eighteen comparators. A two quadrant analog 
multiplier, AGC circuit, analog multiplexer (switch), video 
amplifier or a MC1496 type modulator/demodulator can also 
be implemented. Each of these functions requires roughly the 
same number of components as one op amp. In addition, the 
array can also implement one 8-bit DAC, four 100MHz cas- 
code amplifiers and a voltage reference. 

The digital section of the FB3635 contains forty two digital 
logic cells. Each digital logic cell can implement a one bit 
latch (with set and reset), or three NAND gates. Two digital 
logic cells can implement an edge triggered D type flip-flop 


FEATURES 

■ Mixed analog and digital tile array 

■ Analog section 

npn ft 720MHz 

pnpft25MHz 

Eight 5 pF MOS capacitors 

Operates up to 12 V ±10% 

■ Digital section 

132 NAND gates or 42 latches 
2 ns gate propagation delay 
ECL logic using a single +5 volt supply 
TTL, ECL, and CMOS compatibility 

with set and reset. All logic functions are implemented using 
ECL logic. This provides for 2 nanosecond gate propagation 
delays and flip-flop toggle rates of 80MHz. The logic area can 
be powered off of a single 5V supply. On-chip logic level 
converters can convert the arrays ECL logic levels to standard 
TTL, CMOS or ECL logic levels. 
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FB3400 Tile Array Selection Guide 


FB3400 Family (±18V or up to 36V supply operation) 


Array 

FB3410 

FB3420 

FB3430 

Description 

Small General Purpose 

Medium General Purpose 

Large General Purpose 

Mini Tile Summary 

T1 

General Purpose 

16 

32 

44 

T2 

Special Devices 

4 

12 

16 

T3 

Power Devices 

— 

4 

4 

4 

T4 

Low Noise Devices 

0 

4 

0 

T5 

Precision Resistors 

._I 

2 

3 

Array Summary | 

Complexity* 

4 

12 

16 

NPN Transistors 

132 

296 

394 

PNP Transistors 

52 

124 

168 

Total Diffused Resistance 

176K 

384K 

538K 

Total Implant Resistance 

1600K 

3200K 

4400K 

Total MOS Capacitance 

40pF 

120pF 

160pF 

Total Components 

524 

1132 

1500 

Bond Pads 

32 

_ 

46 

66 


* Analog complexity is in one 741 op amp or two 339 comparator equivalents. Digital complexity is in two input NAND gate equivalents. 
Component Performance (under typical operating conditions) 


COMPONENT 

FB3400 FAMILY 

NPN Transistor 

hpE = 120 
fj = 300MHz 

BVceo = 40V 

NPN Large Transistor (FB3623 Only) 


PNP Substrate Transistor 

hpE = 60 
fj = 20MHz 

BVceo = 45V 

PNP Lateral Transistor 

hpE = 30 
ij = 3MHz 

BVceo = 45V 

Diffused Resistor 

2% matching with +20% absolute value 

Precision Resistors 

0.5% matching with ±20% absolute value 

Implant Resistors 

4% matching with ±25% absolute value 

MOS Capacitor 

±20% absolute value 


Micro Linear 
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FB3400 Mini Tile Description 


Tl Mini Tile 

This is a general-purpose analog tile. It can implement 
many common building block functions, such as 
current mirrors, differential gain stages and level 
shifters. A T1 tile contains seven small geometry NPNs 
(ft 300MHz), two quad collector PNPs (ft 4MHz), eleven 
1kO resistors, and ten 10kfi resistors. 

T2 Mini Tile 

The T2 tile contains a collection of specialized 
components. Many analog building blocks, such as op- 
amps, use a T1 tile and a T2 tile. The T2 tiles contain 
two medium size low noise NPN transistors, four small 
substrate PNPs (ft 8MHz), one large substrate PNP (ft 
8MHz), one triple emitter NPN, and a MOS capacitor 
whose value can be programmed up to 10pF. 

T3 Mini Tile 

The T3 file contains two NPN power transistors for 
output stages driving up to 100mA each. These tiles 
are situated in peripheral positions around the chips, 
in close proximity to the bonding pads. 

T4 Mini Tile 

The T4 tile contains two low-noise NPN transistors 
which are used in circuits requiring low noise 
performance. 

T5 Mini Tile 

This mini tile contains ten minimum geometry NPN 
transistors and eighteen precision resistor links. These 
special resistors have a nominal ohmic value of 9000 
and are matched to within an accuracy of 0.5%. It is 
possible to construct R-2R ladders used in the core of 
an 8-bit DAC by using 24 resistors. 




Micro Linear 


7-20 







M^MictX) Linear 


USIQ 


FB3410, FB3420, FB3430 
General Purpose Tile Arrays 


GENERAL DESCRIPTION 

The FB3400 family has been designed to utilize the traditional 
analog ±15V signal swings and power supply rails. A single 
power supply of up to 36 V or split power supplies of up to 
± 18 V can be utilized. Significant board space and cost sav¬ 
ings are possible with the FB3400 family of analog tile arrays. 

A single FB3400 Analog ASIC can typically replace ten to 
twenty standard analog building block components. In addi¬ 
tion, many of the active and passive components surround¬ 
ing the discrete building blocks can be incorporated on-chip. 

The FB3400 family utilizes Micro Linear's new mini-tile archi¬ 
tecture concept. The FB3400 family uses five different mini¬ 
tiles. One or more mini-tiles can be combined to implement 
functional blocks such as op-amps, comparators, voltage 
references, video amplifiers, transconductance amplifiers, 
modulators, demodulators, RS-232, RS-432, RS-422, V.35 
drivers & receivers, D/A and pulse width modulation circuits. 


FEATURES 

■ Optimized for up to 36 V operation 

■ High Component Density, dual layer metal process 

■ 300MHz array technology 

■ Three high performance family members 

■ Design complexities of up to 16 op-amps 

■ On-chip precision resistors and compensation 
capacitors 


GENERAL PURPOSE ANALOG ARRAYS 
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FC3560 Read Channel Tile Array 


GENERAL DESCRIPTION 

The FC3560 is an application focused tile array targeted 
specifically for mass storage applications. This Tile Array 
can implement all of the functions required in a high 
performance read channel. 

The array consists of optimized circuit blocks for the 
following functions: a pulse detector, servo demodulator, 
data separator, frequency synthesizer, write pre¬ 
compensation, two crystal oscillators, bandgap reference, 
as well as 800 gates of uncommitted logic. The logic can 
be used to implement an encoder/decoder function, 
address mark generation/detection, or M & N dividers. 

Typical performance of circuit blocks integrated on the 
FC3560 Tile Array is shown in the Tile Array summary 
below. 

Although very specialized, the FC3560 maintains a high 
degree of flexibility. All of the components are 
uncommitted until connected with two layers of metal at 
the final step of the production process. The performance 
or function of the individual circuit functions can be 
modified or the architecture chosen to achieve an 
optimum read channel system. 

The FC3560 is fabricated using our advanced BiCMOS 
technology. This 4GHz, 1.5p process combines the 
advantages of high speed bipolar with dense CMOS. 


FEATURES 

■ Application Focused Tile Array 

■ Optimized for Mass Storage Read Channel Functions 

■ Flexibility at the Functional Block and 
Component Level 

■ Advanced 4 GF^z, 1.5p BiCMOS process 


ARRAY SUMMARY 


Pulse Detector 

±0.5ns Pulse Pairing 

Servo Demodulator 

4 Channels 

Data Separator 

36 Mbits/s 

Frequency Synthesizer 

VCO and, Charge Pump 

Write Pre-Compensation 

2 to 20ns 

Crystal Oscillators (2) 

36 MHz 

Bandgap Reference 

For Servo Reference 

Uncommitted Logic Gates 

800 

Bond Pads 

58 

Die Size (rnlls) 

134x142 



FC3560 Read Channel Tile Array 
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FB3651 LAN Transceiver Array 


GENERAL DESCRIPTION 

The FB3651 is an application focused tile array 
intended for local area network transceiver 
applications. This array was developed using Micro 
Linear's proprietary mini tile architecture. This mini tile 
approach combined with our 12 volt, 1 GHz 
technology allows high complexity and high speed, 
cost effective LAN Transceiver circuits to be easily 
integrated. 

The array consists of two distinct sections each with 
different component groupings, the first section, 
situated mostly In the middle of the array, contains 
custom cells to implement timer functions. These 
custom cells can implement up to nine timers with 
outputs that span from milliseconds up to 1/2 second 
with no external components. The long times are 
accomplished by generating very small yet stable 
currents that charge on chip capacitors. The remainder 
of the die area has general purpose mini-tiles for the 
other analog and digital circuit functions common to 
LAN transceiver applications. 

The design of the FB3651 LAN Transceiver array is 
optimized for the circuit building blocks required to 
implement the function of a local area network 
transceiver. Examples of the types of circuits possible 
are: high speed transmitters and receivers, transmit and 
receive squelch, oscillators, diagnostic and fault 
protection circuits, LED drivers, and other similar type 
circuits. 


This very high complexity array can realize up to 12 
analog functional blocks, 6 high frequency/digital 
blocks, and 150 digital gates, in addition to the nine 
timer functions. 

FEATURES 

■ Array optimized for local area network transceivers 

■ Nine independent timer functions possible for 
deadman, squelch, and diagnostic functions 

(1-500ms) 

■ Can implement a highly symmetrical current driven 
transmitter for low RFI noise and low jitter 

■ 18 analog circuit blocks with 150 ECL gates 

■ 12 volt, 1 GHz technology 


ARRAY SUMMARY 


MINI TILE SUMMARY 

NPN Transistors 

1424 

T1 General 

58 

PNP Transistors 

152 

T2 Specialized 

6 

Schottky Transistors 

20 

T7 Fligh Frequency 

17 

Total Diffused 

1020K 

T9 ECL Logic 

50 

Resistance 


T12 Schottky Peripheral 

10 

Total Implant 
Resistance 

5432K 

T13 High Frequency 

3 

Total MOS 

310pF 

Timer Cells 

9 

Capacitance 


Timer Bias 

1 

Total Components 

4242 



Bond Pads 

50 





FB3651 — LAN Transceiver Array 
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FC3580 Micro Power Controller Tile Array 


GENERAL DESCRIPTION FEATURES 


The FC3580 is an application focused tile array optimized 
for battery powered controller applications. This Tile Array 
can implement all of the functions required for a DC to 
DC convertor for 1 to 3 cell battery powered systems. 
Examples of other configurations are, various boost buck 
regulators, MOSFET drivers, loud speaker drivers, or 
power amplifier applications, etc. 

A synchronous rectifying boost regulator capable of 
running with input voltages as low as IV and efficiencies 
greater than 90% can be implemented on the FC3580. 

The FC3580 is fabricated using our advanced BiCMQS 
technology. This 4GHz, 1.5p process combines the 
advantages of high speed bipolar with dense CMOS. The 
bipolar devices can be used for high bandwidth, low 
offset and low noise amplifiers while the CMOS devices 
can be used for dense digital low power logic as well as 
for analog switches, the front ends of FET amplifiers, or 
power FETs. CMOS devices allow the design of power 
output stages that can swing rail to rail. 

Some of the specialized components on the this array 
Include; very low Rdson (0-2 N-Channel, 0.5 
P-Channel) CMOS output transistors, high quality poly 
resistors, stable poly-oxide capacitors, and a large amount 
of total resistance (>16M ohms) for low power designs. 

The small die size enables the FC3580 to fit in narrow 
(0.15") body SOIC packages. 


■ Application Focused Tile Array 

■ Ideal for Battery Powered Applications 

■ High Efficiency Down to IV Inputs 

■ Rail to Rail Output Swings Possible 

■ Advanced 4 GHz, 1.5p BiCMOS Process 


ARRAY SUMMARY 


NPN Transistors 

152 

PNP Transistors 

152 

NMOS Transistors 

42 

PMOS Transistors 

42 

Total Poly Resistance 

3300K 

Total Other Resistance 

13.4M 

Total MOS Capacitance 

77pF , 

Total Components 

836 

Bond Pads 

29 

Die Size (mils) 

70 X 110 



FC3580 Micro Power Controller Tile Array 
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FB3680 Electronic Ballast and Power Factor Tile Array 


GENERAL DESCRIPTION 

The FB3680 is an application focused tile array optimized 
for electronic ballast controller applications. This Tile 
Array can implement all of the functions required for a 
high efficiency low distortion, power factor corrected 
dimmable ballast controller. 

A ballast controller with a 0.99 power factor and greater 
than 95% efficiency can be implemented on the FB3680. 

Certain areas on the the FB3680 are customized for the 
specific circuit blocks required in power factor corrected 
ballast applications. These circuit blocks include: a 1% 
voltage reference, three fast, high current (50ns, 200mA) 
totem pole outputs, oscillator, under voltage lockout, 
thermal shutdown, voltage to current convertor, timer, 
multipler, shunt regulator, fault protection, three op-amps. 
(3MHz GBW), plus eight comparators and uncommited 
gates of RTL logic. In total the FB3680 can implement 14 
analog circuit blocks plus logic. 

Although optimized for these circuit blocks, the FB3680 
still maintains complete flexibility. Each component 
remains uncommited until connected with the two layers 
of metal interconnect at the final step of the wafer 
manufacturing process. This allows the FB3680 to used for 
a wide variety of circuit functions beyond the ones 
identified above. 

The FB3680 is fabricated using our 12 volt, 1 Ghiz bipolar 
technology. 


FEATURES 

■ Application Focused Tile Array 

■ Optimized for Dimming Electronic Ballast with Power 
Factor Correction Applications 

■ Can Implement a 0.99 Power Factor with 
95% Efficiency 

■ All Components Uncommited - Connected with Two 
Metal Interconnect Layers 

■ 12 Volt, 1 GHz, Bipolar Technology 


ARRAY SUMMARY 


NPN Transistors 

368 

PNP Transistors 

207 

Power NPN Transistors 

12 

Total Base Resistance 

470K 

Total Implant Resistance 

2.3M 

Total MOS Capacitance 

50pF 

Total Components 

1740 

Bond Pads 

22 

Die Size (mils) 

3 09 X 140 
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FB3480 Power Supply Controller Array 

GENERAL DESCRIPTION 


The FB3480 Power Supply Controller Array is a new 
concept in Switch Mode Power Supply Controller 
(SMPS) technology. This Array is the first configurable 
bipolar array specifically designed for SMPS 
applications. The FB3480 is optimized for high 
performance and low design cost and time, since most 
of the commonly used SMPS functions have been pre¬ 
designed and characterized. 

With the FB3480 a power supply designer can select 
his own unique controller topology and features 
without the need for external components. This 
flexibility allows compact PC board layout, minimizing 
interference from induced RFI/EMI, and enhancing 
high frequency performance. 

The FB3480 contains all of the elements found in most 
SMPS controllers In addition to areas of uncommitted 
circuitry on the Array which can be configured for 
unique applications. The core of the array is similar in 
performance to the UC1825 controller and consists of 
an oscillator, precision voltage reference, error 
amplifier and two totem pole high current output 
stages, which are specifically optimized for high 
performance at high frequency. These cells can be 
connected with other available circuitry on the chip to 
form a complete SMPS controller. The "uncommitted" 


sections of the array can be configured into 
comparators, logic, and other functions, to implement 
a complete control. In addition, closely matched 
resistors are available to precisely control thresholds 
and gain settings on the chip. 

The FB3480 array Is used to make several state of the 
art standard products, including the ML4825 and 
ML4809. Cells from these and future Micro Linear 
FB3480 based standard products can be made available 
for customer designs. 

FEATURES 

■ Practical operation to Switching Speeds above 
1 MHz 

■ Precision Bandgap Reference .. ±1% 

■ 2 A peak push-pull output stages for high speed 
drive of power MOSFETs 

■ Fast comparator to output response time .. <50ns 

■ Available In DIP or PLGC 

■ Mil-Temp available 

■ Additional user-definable logic, comparators and 
other circuitry available on chip 


BLOCK DIAGRAM 
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CIRCUIT CAPACITY 


The FB3480 consists of pre-configured optimized 
functional cells which are commonly found In SMPS 
controllers. In addition the FB3480 has additional 
transistors and resistors available for user configuration. 
The Array topology is optimized to implement a full 
featured high performance SMPS controller utilizing 
both the "Dedicated Resources" (oscillator, error amp, 
reference and power output) and additional fully 
configurable resistors and transistors. 


The FB3480 can be configured to fully implement the 
ML4825 improved pin compatible replacement for the 
popular UC1825 controller and still have resources on 
chip for additional functions. 

The table below lists uncommitted resources which are 
still available after Implementing the following 
controller designs completely. 

The FB3480's unused elements can be configured into: 


Component 

ML4825 

ML4823 

FB3480 

Used 

Unused 

Used 

Unused 

Total 

NPN Current Sink 

20 

9 

15 

14 

29 

NPN Transistors 

27 

29 

21 

35 

56 

Dual Emitter NPN 

6 

8 

3 

11 

14 

NPN Follower (1 Emitter) 

0 

8 

0 

8 

8 

NPN Follower (2 Emitter) 

10 

7 

7 

10 

17 

Low Voltage 4 Collector PNP 

3 

8 

3 

8 

11 

High Voltage 4 Collector PNP 

2 

2 

2 

2 

4 

PNP Current Source 

3 

3 

2 

4 

6 

Zeners (NPN Diodes) 

2 

4 

0 

6 

6 

2 A NPN Transistors 

4 

0 

2 

2 

4 

Implanted Resistors 

37 

18 

29 

26 ^ 

55 

Base Resistor 

3 

5 

3 

5 

8 

Bondable Pads 

16 

12 

16 

12 

28 


DEDICATED RESOURCES 


The table below lists the dedicated functions which are 
available on the FB3480. Each of these blocks Is 
described in more detail beginning on page 4. 


REF ft 

Description 

Count 

OSC1 

1.5 MHz. Fmax Oscillator 

1 

REF1 

5.1 V Precision Reference 

1 

PWR1 

2 A Peak Push-Pull Totem Pole 
Output Buffer 

2 

EA1 

5.5 MHz Bandwidth, 12V/)US Slew 
Rate Error Amp 

1 

UV1 

Under-Voltage Lockout Circuit 

1 
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UNCOMMITTED RESOURCES 


The FB3480 includes a large number of transistors and 
resistors which are used to make up the circuit 
functions or "cells" which are available for design and 


listed beginning on page 8. The table below lists how 
many of these components are available and their 
typical performance characteristics. 


TYPICAL PERFORMANCE CHARACTERISTICS OF UNCOMMITTED RESOURCES 


Transistors 


Ref « 

Description 

|S (5) 

100//A 

/8@ 

1 mA 

l(/3/2) 
(Note 1) 

VcEO 

VcBG 

(MHz) 

Count 

TN1 

NPN Low Voltage 


100 

20 

12 

25 

450 

55 

TN3 

NPN Power (100 mA) 


100 

60 

45 

55 

450 

1 

TN4 

Dual Emitter NPN 


100 

20 

45 

55 

450 

10 

TN5 

NPN Emitter Follower 


100 

20 

12 

25 

450 

8 

TN6 

NPN Dual Emitter Follower 


100 

20 

12 

25 

450 

17 

TN7 

NPN Current Sinks 


100 

20 

12 

25 

450 

29 

TP1 

Lateral Low V PNP 

30 


1 

15 

25 

4 

8 

TP2 

Lateral High V PNP 

30 


1 

45 

45 

4 

3 

TP3 

Substrate PNP 

60 


1 

45 

45 

20 

1 


Diodes 


Ref # 

Description 

VrevERSE 

* FORWARD (*^A) 

Count 

DN1 

NPN Diode 

6.8 

__2_ 

6 


Resistors 


Ref # 

Type 

Value 

Tolerance 

Ratio Matching 

Count 

RBI 

Base 

2Kn 

20% 

0.5% 

6 

RI1 

Implant 

2KO 

20% 

1.0% 

29 

RI2 

Implant 

8KO 

20% 

1.0% 

8 

R13 

Implant 

30KQ 

20% 

3.0% 

5 


Note 1: This column indicates the useful current handling capability of the transistor and is defined as the current at which the is down to 
1/2 of its nominal (100/iA for PNP and 1mA for NPN) value. 


Transistors TPI, TP2, and TP3, are constructed with 
four separate collectors and can be used as current 
sources as shown below. TN7 is a special NPN 
transistor which includes a 2000 resistor cell and Is 
Intended to be used as a current sink In conjunction 
with the on chip bias reference generator. 


Current Sources CP1 and CP3 are examples of current 
sources which can be constructed with the PNP 
transistors. CPI is a basic biasing current source, 
where the 3 output currents are equal to the input 
current CP3 has an additional circuit to cancel the 
base current error and is more accurate and linear. 
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ABSOLUTE MAXIMUM RATINGS 


Supply Voltage . 36V 

Output Current, Source or Sink (Power Outputs) 

DC . 0.5A 

Pulse (0.5 fjS) . 2.0A 

Input Voltage (logic, comparators etc.) . -0.3V to 6V 

Error Amplifier Output Current . 5mA 

Oscillator Charging Current . -5mA 

Junction Temperature . 150°C 

Storage Temperature Range . -65°C to +150°C 

Lead Temperature (Soldering 10 sec.) . +260®C 


OPERATING TEMPERATURE RANGE 


Plastic Packages (PCC or DIP) .;. -40°C to +85°C 

Ceramic Packages .. -55°C to +125°C 


Absolute maximum ratings are those values beyond which the 
device could be permanently damaged. Absolute maximum ratings 
are stress ratings only and functional device operation is not 
implied. 


to the lower threshold. While the capacitor is 
discharging, a high pulse is provided on (3). 

Several configurations are available for the FB3480 
oscillator: 

1. Basic ML4825 oscillator: A fixed discharge time is 
provided by saturating a transistor for Iqis. This 
discharge current is approximately 10 mA. Charge 
time is fixed since pin 4 is set to 3V by the internal 
resistor divider at node A. 

2. Controlled Discharge: Ipis is equal to: 

16 X V(pin 5) 

Rdt 

3. Voltage Controlled Oscillator. The connection at 
node A is open and pin 4 is brought out. The 
control range is from IV to 5.5V. The voltage at pin 
4 sets the charge and discharge currents (If option 
2 above is implemented) thereby controlling the 
frequency of the oscillator. 


ELECTRICAL CHARACTERISTICS (unless otherwise noted, these specifications apply for Rj = 3.65KD, Cj = lOOOpF, 
-55°C < Tj < 150°C, Vcc = "l^V) fixed deadtime, A connected. 


Parameter 

Conditions 

DESIGN LIMITS 

Units 

Min 

Typ 

Max 

OSCl and OSC2 Oscillator 

Initial Accuracy 

Tj = 25°C 

360 

400 

440 

KHz 

Voltage Stability 

10V < Vcc < 30V 


0.2 

2 

% 

Temperature Stability 

-55«C < T, < ISO^^C 



5 

% 

Total Variation 

line, temp. 

340 


460 

KHz 

Clock out Ffigh 


3.9 

4.5 


V 

Clock out Low 



2.3 

2.9 

V 

Ramp Peak 


2.6 

2.8 

3.0 

V 

Ramp Valley 


0.7 

1.0 

1.25 

V 

Ramp Valley to Peak 


1.6 

1.8 

2.0 

V 

Capacitor Discharge Current 


10 



mA 

Current Consumption 



3.2 


mA 

Typical VCO Control Range 

1.5 < OSC2-4 < 5V 

75% 


175% 

^NOM 


FB3480 CORE CELL DESCRIPTIONS 

Oscillator 

The FB3480 oscillator charges the external capacitor 
iCj) with a current (Iset) equal to V(1 )/Rt. When the 
capacitor voltage reaches the upper threshold, the 
comparator changes state and the capacitor discharges 
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Oscillator (Continued) 

The Oscillator period can be described by the 
following relationship: 

TqSC “ Tramp Tdeadtime 

where: Tramp “ ^ (^upper ~ Slower)/ 1 charge 
and: Tcjeadtime “ ^ (Vypper - V|ower)dclis 

Voltage Reference and Undervoltage Lockout 

The FB3480 voltage reference Is a buffered trimmed 
bandgap design with excellent thermal characteristics. 
The undervoltage lockout circuit (UV1) monitors Vcc 
and compares it to a zener voltage with hysteresis in 
the comparator. When the supply is sufficiently high to 



tdH 

Vth upper 



Vth lower 


allow operation of the controller, pin 1 of UV1 goes 
true, enabling VrefI/ which runs the bias circuitry for all 
the logic. In this way, when the Vcc ‘s under voltage, 
the array goes into a low current consumption mode. 
The thresholds for UV1 can be selected. 


ENABLE 



ELECTRICAL CHARACTERISTICS (unless otherwise noted, Vcc = 15V, -55°C < Tj < 150°C) 


Parameter 

Conditions 

DESIGN LIMITS 

Units 

Min 

Typ 

Max 

VRl , „ 

Output Voltage 

T, = 25®C, lo = 1mA 

5.05 

5.10 

5.15 

V 

Line Regulation 

10V < Vcc < 30V 


2 

20 

mV 

Load Regulation 

1mA < Iq < 10mA 


5 

20 

mV . 

Temperature Stability 

-55®C < Tj < ISO'^C 


.2 

.4 

mV/°C 

Total Output Variation 

line, temp. 

5.0 


5.20 

V , 

Output Noise Voltage 

10Hz to lOKHz 


50 


fjv 

Long Term Stability 

T, = 125°C, 1000 Hrs 


5 

25 

mV 

Short Circuit Current 

Vref = OV 

-15 

-50 

-100 

mA 

Current Consumption 



.7 


mA 

UV1 ' . 

Start Threshold 


8.8 

9.2 

9.6 

■ ■ V 

UVOL Hysteresis 


.4 

.8 

1.2 ; 

V 
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Error Amplifier 

The FB3480 error amplifier is a 5.5 MHz bandwidth, 
12V//iS slew rate op-amp with provision for limiting the 
positive output voltage swing (Output Inhibit line) for 
ease in implementing the soft start function. 



ELECTRICAL CHARAaERISTICS (unless otherwise noted, Vcc = 15V, -55°C < T| < 150°C) 


Parameter 

Conditions 

DESIGN LIMITS 

Units 

Min 

Typ 

Max 

EA1 

Input Offset Voltage 




10 

mV 

Input Bias Current 



.6 

3 

//A 

Input Offset Current 



.1 

1 

M 

Open Loop Gain 

1 < Vo < 4V 

60 

96 


dB 

CMRR 

1.5 < VcM < 5.5V 

75 

95 


dB 

PSRR 

10 < Vcc < 30V 

85 

110 


dB 

Output Sink Current 

Veai-i = 1V 

1 

2.5 


mA 

Output Source Current 

Veai-i = 4V 

-.5 

-1.3 


mA 

Output High Voltage 

Ieai-i ~ ~0.5mA 

4.0 ' 

4.7 

5.0 

V 

Output Low Voltage 

Ieai-i = 1niA 

0 i 

0.5 

1.0 

V 

Unity Gain Bandwidth 


3 1 

5.5 


MHz 

Slew Rate , 



12 


V///S 

Current Consumption 

Ieai-i = 0 


1.5 


mA 


Output Driver Stage 

The FB3480 Output Driver is a 2A peak output high 
speed totem pole circuit designed to quickly switch the 
gates of capacitive loads, such as power MOSFET 
transistors. The external translator to the left of the 
PWR1 cell is shown as an example of how to interface 
from logic signals to the output stage and is made up 
of uncommitted resources available on the 1C. 



ELECTRICAL CHARACTERISTICS (unless otherwise noted, Vcc = 15V, -55°C < Tj < 150°C) 




DESIGN LIMITS 


Parameter 

Conditions 

Min 

Typ 

Max 

Units 

PWR1 

Output Low Level (Vql) 

Iqut “ 20mA 


0.25 

0.40 

V 


Iqut ” 200mA 


1.2 

2.2 

V 

Output High Level (Vqh) 

louT = -20mA 

13.0 

13.5 


V 


louT ~ -200mA 

12.0 

13.0 


V 

Collector Leakage 

Vc = 30V 


100 

500 

M 

Rise/Fall Time 

Cl = lOOOpF 


30 

60 

nS 

Current Consumption 

Iqut = 0 


7.3 


mA 
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UNCOMMITTED RESOURCE CELLS 

The functions listed below are pre-simulated ''cells" 
which are available for use. These "cells' are made up 
from the uncommitted resources described on page 3. 

Comparators 


ELECTRICAL CHARACTERISTICS (unless otherwise noted, Vcc = 15V, -55°C < Tj < 150°C) 


Parameter 

Conditions 

DESIGN LIMITS 

Units 

Min 

Typ 

Max 

CMP1 — Simple NPN Comparator | 

Output Low Level 

Iqut ~ 1rnA 


3.6 

4.1 

V 

Output High Level 

Iqut -ImA 


4.35 

4.7 

V 

Input Offset Voltage 



10 


mV 

Input Common Mode Range 


1 


4.1 

V 

TpHL 



20 


nS 

TpLH 



20 


nS 

Voltage Gain 



28 


V/V 

Quiescent Current Consumption 



1 


mA 

CMP2 — Simple Ground Sensing PNP Input Comparator | 

Output Low Level 

Iqut ~ 1f^A 


' 

4.1 

V 

Output High Level 

Iqut = -ImA 


4.35 

4.7 

V 

Input Offset Voltage 



20 


mV 

Input Common Mode Range 


CND 


3.1 

V 

TpHL 



25 


nS 

TpLH 



25 


nS 

Voltage Gain 



28 


V/V 

Quiescent Current Consumption 



1 


mA 



Micro Liilear 



















FB3480 


Comparators (Continued) 

ELECTRICAL CHARACTERISTICS (unless otherwise noted, Vcc = 15V, -55°C < T, < 150°C) 


Parameter 

Conditions 

DESIGN LIMITS 

Units 

Min 

Typ 

Max 

CMP3 — High Gain NPN Comparator | 

Output Low Level 

Iqut “ 


3.6 

4.1 

V 

Output High Level 

*ouT “ -1mA 


4.35 

4.7 

V 

Input Offset Voltage 



20 


mV 

Input Common Mode Range 


1 


4.1 

V 

TpHL 



35 


nS 

TpLH 



35 


nS 

Voltage Gain 



700 


V/V 

Quiescent Current Consumption 



1 


mA 

CMP4 — Very High Gain NPN Comparator | 

Output Low Level 

Iqut = 1mA 


3.6 

4.1 

V 

Output High Level 

•out = -1mA 


4.35 

4.7 

V 

Input Offset Voltage 



10 


mV 

Input Common Mode Range 


1 


4.1 

V 

TpHL 



500 


nS 

TpLH 



500 


nS 

Voltage Gain 



15,000 


V/V 

Quiescent Current Consumption 



1 


mA 

BUF1 — Voltage Follower (Buffer) | 

Input Bias Current 




4 

M 

Output Voltage Range 

•out 1mA 

0 


4.1 

V 

Offset Voltage 




10 

mV 

Input Common Mode Range 


1 


4.1 

V 

Open Loop Voltage Gain 



1000 


V/V 

Slew Rate 

Cl < IpF 

2 



V//iS 

Quiescent Current Consumption 



.375 


mA 

LSI — 1.25V Level Shift 

Input Bias Current 




12 

M 

VquT ~ V|N 


1.1 


1.4 

V 
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Internal Logic Macro Functions 

This family features the ability to "wire,pr" the outputs 
as well as having a very flexible structure and fast 
propogation delay times. For more information on 
designing with EFL logic, please refer to the Application 
Hints on page 12. 


Ref # 

Description 

Component Utilization 

Design Limits 

TNI 

TN4 

TN5 

TNG 

TN7 

DNl 

RBI 

tpp (nS) 

Ice (mA) 

G1 

2-Input 2-Output OR 

3 



1 

1 


1 

7 

.375 

G2 

2-Input 2-Output AND 


1 


1 

2 

1 

1 

5 

.7 

G3 

2-Input Complementary Output OR/NOR 

2 


2 


1 


2 

7 

.375 

G4 

2-Input Complementary Output 

AN D/NAN D 

4 


2 


2 

2 

2 

7 

.7 

G5 

2-Input NOR 

3 


1 


1 


1 

7 

.375 

G6 

2-Input AND 


1 

1 


2 

1 

1 

5 

.7 

G7 

2-Input OR 

3 


1 


1 


1 

7 

.375 

G8 

2-Input NAND 

4 


1 


2 

1 

1 

7 

.7 

GT1 

EFL to TTL 2-Input OR Open Collector 

4 




1 

2 

2 

10 

.7 

GT2 

EFL to TTL 2-Input OR Totem Pole 

5 ■ 




2 

3 

5 

13 

1.125 

F1 

R-S Flip Flop 

2 

1 


1 

1 


1 

8 

.375 

F2 

Positive Edge Triggered D Flip Flop 

4 

2 


2 

3 


1 

10 

1.125 

F3 

Positive Edge Triggered T Flip Flop 

6 

- 1 

5 



5 


3 

12 . 

1.875 

F4 

T Flip Flop with Preset 

8 

1 



6 


4 

12 

2.26 


The FB3480 logic section is a pre-characterized library 
made up of high speed, high noise immunity Emitter 
Function Logic (EFL) and Emitter Coupled Logic (ECL) 
functions. This logic family uses uncommitted low 
voltage transistors and resistors which are available to 
be metallized (described on page 3) to make up the 
logic functions below. 
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APPLICATIONS INFORMATION 

DESIGNING AND SPECIFYING A CONTROLLER 

The FB3480's core cell architecture is designed to 
simplify the task of designing a PWM controller for 
unique needs or specific tasks. Micro Linear will design 
the 1C for a nominal initial lot charge providing that the 
design uses the cells described in this datasheet. A 
specification for a customized FB3480 controller 
requires the following elements: 

1. A block diagram describing the interconnection of 
the cells. This could also take the form of a modified 
block diagram from any of Micro Linear's standard 
products (such as the ML4809 or ML4825). The block 
diagram should be drawn in terms of the cells 
described in this datasheet. 

2. Packaging requirements. The FB3480 has 28 bondable 
pads. Industrial temperature range units can be 
packaged In 28 pin Plastic Leaded Chip Carrier 
(PLCC) Plastic DIP packages from 14 to 28 pins. 
Military temperature range units can be packaged in 
Ceramic DIP packages from 14 to 28 pins. 

3. Test specifications. 

4. Operating Temperature Range requirements. 

An accurate indication of circuit performance can be 
obtained by prototyping with one of Micro Linear's 
standard products built from the FB3480 (such as the 
ML4825 or ML4809) and using "off the shell" 
comparators and logic of similar performance to that 
specified in the FB3480 datasheet. 

DESIGNING WITH EFL LOGIC 

The FB3480's logic section is a collection of high 
frequency NPN transistors, current sink transistors, 
resistors and diodes which can be configured into a 
variety of high speed logic functions. The logic family 
used in the FB3480 is Emitter Function Logic (or EFL) 
which features speed, flexibility and simplicity. Since 
most of the logic is interconnected "on chip", buffering 
to drive PC board layout capacitances is not needed, 
further minimizing the number of transistors which are 
used to accommpllsh the necessary logic. In addition, 
the output structure lends itself to accomplishing 
"wired-or" functions. 

The family's output voltage swings are between (Vref - 
Vbe), logic 1, and (Vref - 2VBE)r logic 0, where Vref is 
set to 5.1V internally. Input thresholds are called Vbh 
and Vbl and are set by the threshold generator shown 
below to (Vref - Vbe/2) for a logic 1 and (Vref - ^ * 
Vbe/ 2) for a logic 0. 



750M (t)TN7 


LOGIC BIAS THRESHOLD GENERATOR 


In the example below, G1 is a full OR gate. When 
either input A or input B exceeds Vbl (1-5 * Vbe down 
from the supply), Q1 is cut off, putting the base of Q4 
at Vref/ which puts Vref - ^be on the output at the 
emitters of Q4. When both A and B are below Vbl/ Q1 
conducts forcing the voltage on its collector to drop to 
(Vref ~ Vbe). This occurs since TN7 is set so that its 
current (375 //A) will cause a Vbe drop to occur in a 
2Kn resistor. The output emitters of 04 will be at Vbasf 
- Vbe, or (Vref - 2Vbe). 


I-WVT-1 



G6 is an AND gate using a dual emitter input. When 
either emitter is allowed to go below Vbl (Vbh - Vbe), 
TNI conducts, which causes the output to go low. If 
both inputs are above Vbl, TN4's base sits at Vref, 
which makes TN4's output (Vref - Vbe). 
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APPLICATIONS INFORMATION (Continued) 

When multiple outputs are tied together, they function 
like an OR gate. Only one of the output emitters need 
to go ''high" for the line to become true. This assumes 
that the node is loaded with one current sink. 

Comparator functions with combinational logic can also 
be easily constructed using this family. Note that G1 has 
a full differential input stage. By applying a voltage (V1) 
on the base of Q1, the output will be true when A or B 
exceed V1. A similar example using an AND function is 
shown below. 

With the FB3480, a power supply designer can select 
his own unique controller topology and features 
without the need for external components. This 
flexibility allows compact PC board layout, minimizing 
interference from induced RFI/EMI, and enhancing high 
frequency performance. 

Inverting or complementary outputs can be obtained 
easily from most simple logic functions simply by 
moving the load resistor and output transistor base 
connection to the opposite collector. 
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FB3490 Generid Purpose PWM Controller Array 


GENERAL DESCRIPTION 

The FB3490 Power Supply Controller Array is 
optimized for use in Switch Mode Power Supply 
designs at frequencies up to 750 KHz. These "core 
cells" (Oscillator, Reference, Output Drivers) are 
optimized for high performance while retaining 
maximum flexibility. In addition, this array contains 
cells (or tiles) which can be used for logic, amplifiers, 
comparators and other special functions. 

With the FB3490, a power supply designer can select a 
unique controller topology and feature set without the 
need for external components. Design and layout of a 
unique controller is simplified through the use of 
many pre-defined and pre-simulated "soft macros" 
which can be made available for customer designs. 

This array is similar in performance to the UC1846 and 
was used to implement the ML4812 Power Factor 
Controller. Cells from these and future Micro Linear 
FB3490 based standard products can be made available 
for customer designs. 


FEATURES 

■ Practical Operation at Switching Frequencies to 
750 KHz 

■ Dual High Current (1A peak) Totem Pole Outputs 

■ ±0.5% Trimmed Bandgap Reference 

■ Multiple Error Amp systems possible 

■ Extensive library of "soft macro" building block 
functions available for user design 

■ 40V bipolar dual layer metal process 


BLOCK DtAGRAM 
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FB349'I Resonant Mode Controller Array 

GENERAL DESCRIPTION 

FEATURES 


The FB3491 is an application focused tile array 
intended for resonant mode power supply controller 
applications. This array built on our 40 volt technology 
consists of customized and general purpose groupings 
of components to implement the various power supply 
control circuit blocks. Certain areas, such as the power 
output section and the oscillator, are customized to 
obtain a higher level of performance for these critical 
circuit functions. 

■ Array Optimized for Resonant Mode Power Supply 
Control Circuits 

■ High Current (2A) Output Transistors for Fast 

Output Drivers 

■ Can Implement all the Circuit Blocks for a High 
Performance Resonant Mode Controller 

■ 6 Analog Circuit Blocks and 40 Gate Complexity 

■ 40 Volt, 400 MHz Technology 

The array has four high current (2A peak) output 
transistors to implement two high current, low cross 
conduction, totem pole type output drivers. The high 
current capability allows the quick charge and 

ARRAY SUMMARY 


NPN Transistors 

315 

PNP Transistors 

126 

discharge of the gate capacitance of external power 
MOSFET devices. 

High speed emitter function logic circuits can be 
implemented to achieve fast current sense circuits. A 
propagation delay of less than 50ns from current sense 

Power NPN Transistors 

4 

Schottky Transistors 

33 

Total Diffused Resistance 

570K 

Total Implant Resistance 

2600K 

to output shutdown can be achieved. An oscillator that 

Is capable of operating up to 3MHz and a precision 
reference with an accuracy of ±1% and a temperature 
stability of 50 ppm/°C are examples of the level of 

Total MOS Capacitance 

34pF 

Total Components 

1248 

Bond Pads 

30 

performance that can be achieved. 

Die Size (mils) 

140 X 181 

Standard products built on this tile array can be easily 
modified to create a semi-standard version optimized 
for a specific customers application. 
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FB3492 Phase Modulation Controller Array 


GENERAL DESCRIPTION 

The FB3492 is an application focused tile array 
intended for phase modulated power supply controller 
applications. This array, built on our 40 volt technology, 
consists of customized and general purpose groupings 
of components to implement the various power supply 
control circuit blocks. Certain areas, such as the power 
output section, the oscillator, and the voltage reference 
are customized to obtain a higher level of performance 
for these critical circuit functions. 

The array has eight high current (2A peak) output 
transistors to Implement four high current, low cross 
conduction, totem pole type output drivers. The high 
current capability allows the quick charge and 
discharge of the gate capacitance of external power 
MOSFET devices. 

High speed emitter function logic circuits can be 
implemented to achieve fast current sense circuits. A 
propagation delay of less than 50ns from current sense 
to output shutdown can be achieved. An oscillator that 
is capable of operating up to 3MHz and a precision 
reference with an accuracy of ±1% and a temperature 
stability of 50 ppm/°C are examples of the level of 
performance that can be achieved. 

Standard products built on this tile array can be easily 
modified to create a semi-standard version optimized 
for a specific customers application. 


FEATURES 

■ Array Optimized for Phase Modulated Power 
Supply Control Circuits 

■ High Current (2A) Output Transistors for Fast 
Output Drivers 

■ Can Implement all the Circuit Blocks for a High 
Performance Phase Modulation Controller 

■ 9 Analog Circuit Blocks and 60 Gate Complexity 

■ 40 Volt, 400 MHz Technology 


ARRAY SUMMARY 


NPN Transistors 

323 

PNP Transistors 

131 

Power NPN Transistors 

8 

Schottky Transistors 

39 

Total Diffused Resistance 

580K 

Total Implant Resistance 

2500K 

Total MOS Capacitance 

34pF 

Total Components 

1290 

Bond Pads 

29 

Die Size (mils) 

140 X 201 
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Micro Linear 

Quality and Reliability 


Micro Linear is dedicated to excellence in its people and products. By adopting a policy of continuous 
improvement, we pledge to provide defect free products and services which meet or exceed our 
customers' expectation. 


Total Quality Management 

At Micro Linear we are committed to total quality 
management by building quality into every step of the 
manufacturing process from design to product 
qualification; from receiving to shipping. The Total 
Quality Management program at Micro Linear 
Corporation is a detailed program involving engineering 
and manufacturing and is designed to produce the 
highest quality linear integrated circuits available. 

Wafer Inspection 

Emphasis is placed on statistical analysis, electrical 
measurements on specially designed Process Control 
Monitors in accordance with MIL-STD-414 (sampling by 
variables), visual inspection, and film measurements. 
Potential reliability hazards are investigated and 
detected early by utilizing diagnostic and device 
structures on each wafer and periodic SEM analysis. 

Assembly Inspection 

Comprehensive receiving inspection for all materials 
and piece-parts is performed in accordance with the 
strictest quality assurance procedures. To assure 
conformance and control to specifications, 
documented quality control checks and monitors are 
performed on-line. 

Testing 

Micro Linear has invested in the latest "state-of-the-art" 
analog testers to achieve the most complete and 
thorough parametric testing of integrated circuits in 
the industry. Data sheets provide the customer a 
precise listing of parameters which are 100% tested. 

The calibration system is in compliance with 
MIL-STD-45662. 

Traceability 

All units are marked with unique lot numbers. These 
lot numbers provide complete traceability all the way 
to wafer fab as well as assembly and test. 

Micro Linear considers traceability to be essential for 
good engineering control and additional insurance for 
its customers. 


ESD (Electro Static Discharge) 

Products are fully characterized to MIL-STD-883C, 
Method 3015 and strict controls on handling and 
packaging are observed. A full ESD program, from 
design through manufacturing, incorporates training of 
all employees who handle Micro Linear products. 

Major Change Control 

Major change controls are in place to notify customers 
in accordance with MIL-M-38510. Micro Linear reviews 
all process, product, and package changes. All changes 
with possible impact are submitted for a re¬ 
qualification which may include electrical, mechanical, 
and/or thermal characterization. If applicable, reliability 
requalification is performed. 

Process Control 

Process monitors and gate inspections insure that all 
devices are properly tested and that the required 
sample tests are performed prior to shipment. 
Inspection records and reports concerning monitors 
and inspection data are used to status the quality level 
of products through the final test operations. Statistical 
sampling plans insure the quality of the product. 

Micro Linear welcomes OEM quality system surveys. 
Micro Linear is qualified by a number of customers to 
MIL-Q-9858A and MIL-l-45208 for military programs. 

Failure Analysis and Reporting of 
Customer Returns 

A formal program exists to record, analyze, and take 
appropriate corrective action on all returns. A 
Corrective Action Committee reviews all discrepancies 
and assigns responsibility to implement solutions or 
improvements on a weekly basis. A report is generated 
and sent to the customer stating our findings and 
corrective action. 
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Document Control 

All records providing product traceability are 
maintained in accordance with MIL-M-38510. All 
company documents for procedures, specifications, 
drawings, travelers, flow charts, schematics, etc. that 
define customer requirements, raw material 
requirements, design, manufacture, and testing of 
products are controlled by a Document Control 
organization within the Micro Linear's Quality 
Assurance group. 

Audits 

Critical manufacturing areas are audited by a quality 
inspector at specified intervals. The audit verifies 
adequacy of operator training, correct revisions, the 
procedures, proper data entry, and record maintenance. 
In addition, weekly audits include an BSD program, 
particle count, calibration, and document control 
programs. 

Supplier Control 

Control of the quality of the incoming material is 
critical to the success of Micro Linear. Under the TQM 
philosophy. Micro Linear has an audit program of its 
suppliers of Class 1 material defined by those directly 
associated with the final products. Such audit is carried 
out on a defined frequency and performed by both 
manufacturing and quality personnel. Information 
gathered from the audit is reviewed with the supplier 
to incorporate programs to improve the quality of the 
material provided to Micro Linear. 


Quality Indices Report 

Various quality data are collected each month and 
summarized in a report presented to management for a 
review. This Quality Indices Report contains such 
information as process capability indices from wafer fab 
processing and assembly, on-going reliability data by 
process types and ppm data from In-line electrical 
testing as well as the AOQ data. 

Reliability Program 

Micro Linear's Reliability Program consistent with those 
of other semiconductor manufacturers utilizes various 
accelerated life tests as tools for establishing reliability 
status and progress. These tests are undertaken to 
identify infant mortality and wearout failure mechanisms 
for specific or generically similar device families. 

Micro Linear's Reliability program has three 
components: Qualification, Quality Confornriance and 
Reliability Audit. Each design/process technology set, 
each wafer fabrication facility, and each assembly 
location by package type Is initially qualified. Periodic 
re-evaluation (Quality Conformance Testing) is 
performed, thereafter, to evaluate the on-going 
reliability of products and processes. In addition. Micro 
Linear has the third component. Reliability Audit named 
ACT (Advance Conformance Testing) to ensure the 
reliability of products shipped to customers. ACT 
defines auditing of samples from each process and wafer 
fab facility and subjecting them to an accelerated life 
testing. Plan for each program is illustrated in Figures 1 
through 3 and detailed in Tables 1 through 4. 

Micro Linear's product reliabilty Is monitored closely 
and we have an extensive reliability data base for both 
hermetic and molded devices. This data is published on 
a quarterly basis. 
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TABLE 1 TABLE 2 PLAN TABLE 3 PLAN 


NOTE: "Plan" are the appropriate stresses and tests determined by a qualification committee. 

Figure 1. Qualification Testing 



TABLE 1 TABLE 3 

Figure 2. Quality Conformance Testing 


WAFER FABRICATION 
FACILITY BY 
DESIGN/PROCESS SET 


TABLE 4 

Figure 3. Reliability Audit (ACT) 
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Stress/Test 

Method 

Condition 

Quantity 

Life Test 

1005 

1000 hrs 
@ 125''C 

77 

HAST 


50 hrs @ 
130/85% R.H. 

45 

ESD 

3015 


!' 3 


Table 1. 


Stress/Test 

Method 

Condition 

Quantity 

Life Test 

1005 

1000 hrs @ 
125°C 

77 

HAST 


50 hrs @ 
130/85% R.H. 

45 

Autoclave* 

QAP36004 

168 hrs @ 
12rQ 15 psi 

45 

Temperature 

Cycle 

1010 

1000 eye. @ 
-55 to +125°C 

45 

Thermal Shock* 

1011 

200 eye. (5) 
-55 to +125°C 

45 

High Temp 

Storage 

QAP36005 

1000 hrs. (5) 
150°C 

45 

Physical 

Dimensions 

2016 


15 

Solderability 

2003 

22 leads 

3 

Resistance to 
Solder Heat 

QAP36002 

260°C, 10 sec 

32 

Resistance to 
Solvents 

2015 


4 

External Visual 
Inspection 

QAP34001 


15 

Lead Integrity 

2004 


3 


Note * Qualification testing only. 

Table 3. 


Stress/Test 

Method 

Condition 

Quantity 

Life Test 

1005 

1000 hrs 
@ 125°C 

77 

HAST 


50 hrs @ 
130/85% R.H. 

45 

Autoclave 

QAP36004 

168 hrs (g) 
121°Q 15 psi 

45 

Temperature 

Cycle 

1010 

1000 eye. (5) 
-55 to +125‘C 

45 

Thermal Shock 

1011 

200 eye. @ 
-55 to +125'C 

45 

High Temp 
Storage 

QAP36005 

1000 hrs. @ 
150°C 

45 


Table 2. 


Stress/Test 

Method 

Condition 

Quantity 

Life Test 

1005 

48 hrs @ 
125%: 

125 


Table 4. 


Micro Linear 









Quality and Reliability 


Process Control/Quality Conformance 

Reliability evaluations provide a snapshot of the product 
at a particular point in time. Process control is 
necessary to insure the picture obtained is accurate. 
Process control provides consistency and hence, 
predictability. 

Defect-free material is a pre-requisite to shipping cost- 
effective products which conform to specified 
requirements. The system for doing this is shown in 
Figure 4. The focal point to this system is the Vendor 
Qualification Board comprised of representatives from 
Manufacturing Engineering, Quality, Reliability, and 
Purchasing. In addition, a Corrective Action Committee 
with representatives from the above disciplines meets 
weekly to evaluate all discrepant material reports. These 
reports are the result of any non-conformance both 
internal and external (vendors) to Micro Linear. 

Because of the extreme sensitivity of wafer fabrication 
on product reliability, special care is taken to evaluate 
wafer process control. This is shown in Figure 5. 

Wafer Fab Process Control 

FRONT-END PROCESS 

• Initial Oxidation Thickness 

• Buried Layer Mask CD 

• Buried Layer Resistivity 

• Epi Resistivity and Thickness 

• Epi Oxidation Thickness 

• Iso Mask CD 

• Iso Diffusion Resistivity 

• Iso Oxide Thickness 

• Base Mask CD 

• Implant Oxide Thickness 

• Base Resistivity 

• Base Oxide Thickness 

• Implant Mask CD 

• Emitter Mask CD 

• Emitter Resistivity 

• Emitter Oxide Thickness 

• Cap Mask CD 

• Cap Oxide Thickness 

• Emitter Oxide Thickness 

• Field Oxide Thickness 

• Contact Mast CD 

• Metal Thickness 


BACK-END PROCESS 

• Dielectric Oxide Thickness 

• Metal Thickness 

• Passivation Thickness 

• Defect Inspection 

• SEM Inspection 

ADDITIONAL CHECKS IN DIFFUSION 

• CV Plots of Oxide and Drive Tubes 

• Etch Rate Monitors 

• Temperature Profiling 

• Quartzware Cleaning 

• Particle Counts in Tubes 

MASKING 

• Photoresist Thickness 

• Incoming Mask CD Measurement 

• Etch Rate Control 

• Exposure Intensity 

• Hard Bake Temperature 

• Resist Pinhole Check 

• Exposure Monitor 

• CD Monitor 

Assembly Process Control 

• pi Water Resistivity 

• Wafer Saw/Wash Monitor 

• 2nd Optical Inspection 

• Die Shear Monitor 

• Bond Wire Pull Monitor 

• Ball Bond Shear Monitor 

• 3rd Optical Inspection 

• Mold Temperature 

• Deflash Inspection 

• Solderability Test 

• Plating Thickness/Composition 

• Marking Permanency 

• Coplanarity Inspection 

• Final Visual Inspection 

• Air Monitors (temperature, humidity, particle) 
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PURCHASING PROCEDURE 


APPROVED 

VENDOR 

LIST 


MATERIAL 

specification 

SAMPLE PLAN 
- REQUIREMENLS 


QUALIFICATION 

REQUIREMENTS 


PURCHASING 

AUDIT 


MEG 

AUDIT 


WAF€» 

mSRICAriON 

locmoH 

AUDIT 


PURCHASING 


Figure 4. Vendor Control System 
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Figure 5. Process Control System 


FEEDBACK 
TO WAFER FAB 

_J 
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DEFINE 

PROBLEM 


I 


REPORT 

1 


ASSIGN _^ IMPLEMENT 

ACTIONS SOLUTION 


Figure 6. Corrective Action Program 
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Typical Molded Package Assembly Flow 



FLOW CHART SYMBOLS 


PRODUCTION 

INSPECTION 


PRODUCTION 


o 

0 


QUALITY 

INSPECTION/ 

MONITOR 


PROCESS 

MONITOR 


-► TRANSPORT 
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Typical Test Flow 


EXTERNAL VISUAL INSPECTION 

100% TEST WORST-CASE 
TEMPERATURE 



RECEIVING INSPECTION 

ELECTRICAL TEST 

SAMPLE TEST 

EXTERNAL VISUAL INSPECTION 

Q.A. AUDIT 

FINISHED GOODS 

SHIPPING INSPECTION 

PACK 

SHIP 

CUSTOMER 


FLOW CHART SYMBOLS 


□ PRODUCTION 
INSPECTION 

O QUALITY 

INSPECTION/ 

MONITOR 


o PRODUCTION 

-► TRANSPORT 


A STORE 

INVENTORY 
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APPENDIX A. Failure Rate Calculations 


In order to predict the rate at which product will fail, it 
is necessary to accelerate the life of the product. This is 
most commonly done by a temperature and/or voltage 
stress, a process known as burn-in. The equation for 
both stresses is exponential, hence large acceleration 
factors can be achieved. In our studies, only 
temperature was used in the acceleration equation; the 
devices were biased at nominal voltages. The equation 
is shown below. It is known as the Arrhenius Reaction 
Rate Equation, named for the man who modeled the 
relationship between temperature and the chemical 
reaction property of materials. 


Activation Energies 

In order to calculate the acceleration factor, the 
activation energies for various failure modes 
encountered in the semiconductor industry are 
required. Initially, failure modes are assumed based on 
industry experience. As failures occur, they are 
rigorously analyzed and the failure modes then used to 
determine which activation energies are appropriate for 
determining failure rates. The following table describes 
the most common failure modes and their activation 
energies. 


Arrhenius Reaction Rate Equation 


Af = Exp 


rEa ^ 


K 'T1 T2 


-i)] 


Af: Acceleration Factor 

Ea: Activation Energy (in electron volts) 

K: Boltzmanns Constant (8.62 x 10"^) 

T1: Temperature of System Operation (°K) 
T2: Temperature of Life Test (®K) 


Burn-in when run for 1000 hours, is called "life test". 
Interim readouts normally occur at 168 and 500 hours. 
The hypothesis is that a "bathtub curve" will result. This 
curve, shown below, illustrates a device's failure rate 
versus time. Certain manufacturing defects have a 
tendency to cause failures early in the life of a device 
(infant mortality). The failure rate associated with these 
defects can be accelerated by applying stresses, such as 
temperature and voltage, which do not appreciably 
affect the normal failure rates or wear out mechanisms. 


Bathtub Curve 


1 

oc 

2 



TIME 


Table 1. 


Failure Mechanism 

Ea 

Stress 

Oxide Defects 

0.3 eV 

High Voltage Op Life 

Contamination 

1.0 eV 

High Voltage Bias 

Silicon Defects 

0.5 eV 

High Voltage 

Metal Line 
Electromigration 

0.5 eV 

High Voltage Op Life 

Contact 

Electromigration 

0.9 eV 

High Voltage Op Life 

Masking Defects 
Assembly Defects 

0.5 eV 

Hi Temp. Storage 

Op Life 

Microcracks 

N/A 

Temperature Cycling 

Short Channel 

Charge Trapping 

-.06 eV 

Low Voltage 

Hi Vol Op Life 


Acceleration Factors 

Once the activating energy is determined for a given 
failure mechanism, the acceleration factor can be 
calculated using the Arrhenius equation. The following 
table lists some of the common activation engergies 
and its associated acceleration factors between different 
ambient temperature. 


Table 2. 


Est. T, 
Accelerated 

Estimated Tj, 

Typical Application Temperatures 

Activation 

Energy 

(eV) 

Temperature 

25'’C 

40°C 

55°C 

70°C 

125®C 

132 

52 

22 

10 

0.5 

150°C 

313 

123 

53 

24 

125®C 

1522 

376 

106 

33 

0.75 

150°C 

5530 

1367 

384 

121 

125°C 

6587 

1231 

268 

67 

0.9 

ISO^’C 

30994 1 

5793 

1262 

314 
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Failure Rates Table 3. Percentiles of the Chi Square Distribution. 

... ^ (Values of chP corresponding to certain selected probabilities) 

At Micro Linear, failure rate are generally stated at 60% 

confidence level using Chi square statistic per the 
following formula. 

_xt« [with df = 2(r + 1)] 


where: i 

= niaximurn failure rate 
= chi square distribution 
r = number of failures 

df = degree of freedom 

t = total number of test hours 
a = statistical error expected in estimate. 

For 60% confidence level, a = 0.4 or 1-a = 0.6 

Selected values of Chi Square distribution are listed in 
Table 3. 


Failure rate may be expressed a number of ways. Table 
4 compares various ways of expressing failure rates. 


Table 4. Failure Rates 


NO. OF FAILURES 


% PER 

PPM 


MTBF 

PER DEVICE HOURS 

FAILURE RATE 

1000 HOURS 

(HOURS) 

FITS 

(HOURS) 

1/1 X 109 

0.000000001 

0.0001 

0.001 

1 

1 X 109 

1/1 X 108 

0.00000001 

0.001 

0.01 

10 

1 X 108 

1/1 X 107 

0.0000001 

0.01 

0.1 

100 

1 X 107 

1/1 X 108 

0.000001 

0.1 

1 

1000 

1 X 108 

1/1 X 105 

0.00001 

1 

10 

10000 

1 X 105 

1/1 X 104 

0.0001 

10 

100 

100000 

1 X 104 

1/1 X 103 

0.001 

100 

1000 

1000000 

1 X 103 



60% Confidence 
Level 

90% Confidence 
Level 

Probability in 

% 

60.0 

90.0 

1 - ff 

0.60 

0.90 

df 

Total Failures 



1 


0.708 

2.71 

2 

0 

1.830 

,4.61 

3 


2.950 

6.25 

4 

1 

4.040 

778 

5 


5.130 

9.24 

6 

2 

6.210 

10.60 

7 


7.280 

12.00 

8 

3 

8.350 

13.40 

9 


9.410 

14.70 

10 

4 

10.500 

16.00 

11 


11.500 

1730 

12 

5 

12.600 

18,50 

13 


13.600 

19.80 

14 

6 

14.700 

21.10 

15 


15.700 

22.30 

16 

7 

16.800 

23.50 

17 


17800 

24.80 

18 

8 

18.900 

26.00 

19 


19.900 j 

27.20 

20 

___1 

9 

21.000 

28.40 
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APPENDIX B. Radiation Hardness of 12V Bipolar Process 


The Micro Linear 12V bipolar process has demonstrated 
selective hardness to radiation exposure. The 
components most commonly used in the 12V process 
which are described in table 1, were exposed up to 


10^ Rads total dose ionizing radiation. A second group 
of the same components were exposed to non-ionizing 
radiation of up to lO^^ fluence neutrons/sq cm. Neither 
group was exposed to both types of radiation. 



BIAS 

POST 



DURING 

IRRADIATION 


DESCRIPTION 

IRRADIATION 

MEASUREMENTS 

FIGURES 

Minimum Geometry NPN 

VcES = +5V 

Ahfe 

1, 4 

Lateral Quad Collector PNP 

VcES = -5V 

A hfe 

2, 5 

Vertical PNP 

VcES = -5V 

Ahfe 

3, 6 

45Q N+ Resistor 

No bias 

AR 

3, 6 

8500 P+ Resistor 

No bias 

AR 

3, 6 

10KO Implanted P Resistor 

No bias 

AR 

3, 6 

lOpF Capacitor 

No bias 

All 

3, 6 


Table 1. Components 


Figures 1 through 3 show the results of the ionizing 
radiation tests. Figures 4 through 6 show the results of 
the non-ionizing radiation tests. 

* The resistors and capacitors were not significantly altered by 
exposure to these radiation levels. They are not included in the 
figures. 


Summary 

The hfe of the NPN transistors degrade by 
approximately 50% at 10^ Rads and 80% at 10^ Rads. 
The PNPs degrade more severely by approximately 
80% at 10^ Rads and reach unity at 10^ Rads. 
Degradation vs. neutron fluence is similar but less 
severe. 

Micro Linear circuits, exclusively using NPN devices 
and passive components, can be designed to perform 
in a high radiation environment. 




Figure 1. 


Figure 2. 


licro Linear 


8-13 





Quality and Reliability 



Micro Linear 




/M8 Military Product Flow 

Section 9 


/M8 Program. 9-1 

/M8 Product Screening Flow. 9-2 

/M8 Manufacturing Flow. 9-3 

/M8 Product Qualification. 9-5 

Ordering Information. 9-6 


licro Linear 













Micro Linear 


/M8 

Military Product Flow 


A specification to establish the general test methods and procedures for purchase of integrated circuits 
to military quality and reliability assurance requirements. 


Micro Linear is committed to supplying the military 
marketplace with service, as well as, quality and 
reliable components second to none. The Micro Linear 
/M8 program is designed to provide off-the-shelf high 
integration linear integrated circuits with extended 
screening and testing utilizing the methods of MIL- 
STD-883C, Class B as its reference documentation. 

The Quality and Reliability Assurance program at Micro 
Linear Corporation is a wide ranging program involving 
engineering and manufacturing designed to produce 
the highest quality linear integrated circuits available. 

Wafer Inspection 

Emphasis is placed on statistical analysis, electrical 
measurements on specially designed Process Control 
Monitors in accordance with MIL-STD-414 (sampling by 
variables), visual inspection, and film measurements. 
Potential reliability hazards are investigated and 
detected early by utilizing diagnostic and device 
structures on each wafer and periodic SEM analysis. 

Assembly Inspection 

Comprehensive receiving Inspection for all materials 
and piece-parts is performed in accordance with the 
strictest quality assurance procedures. To assure 
conformance and control to specifications, 
documented quality control checks and monitors are 
performed on-line. 

Testing 

Micro Linear has invested in the latest "state-of-the-art" 
analog testers to achieve the most complete and 
thorough parametric testing of integrated circuits in 
the industry. Data sheets provide the customer a 
precise listing of parameters which are 100% tested. 

The calibration system is in compliance with 
MIL-STD-45662. 

Traceability 

For complete traceability to the wafer fab and 
assembly lot, a mark is placed on all units giving 
information on a unit-by-unit basis. 

Micro Linear considers traceability to be essential for 
good engineering control and additional insurance for 
its customers. The information provided exceeds the 
seal week control required by MIL-M-38510. 


ESD (Electro Static Discharge) 

Products are fully characterized to MIL-STD-883C, 
Method 3015 and strict controls on handling and 
packaging are observed. A full ESD program, from 
design through manufacturing, incorporates training of 
all employees who handle Micro Linear products. 

Major Change Control 

Major change controls are in place to notify customers 
in accordance with MIL-M-38510. Micro Linear reviews 
all process, product, and package changes. All changes 
with possible impact are submitted for a re¬ 
qualification, which may include electrical, mechanical, 
and/or thermal characterization. Reliability 
requalification is performed if applicable. 

Quality Assurance 

Process monitors and gate inspections insure that all 
devices are properly tested and that the required 
sample tests are performed prior to shipment. 
Inspection records and reports concerning monitors 
and inspection data are utilized to status the quality 
level of products going through final test operations. 
Statistical sampling plans ensure the quality of the 
product. 

Micro Linear welcomes OEM quality system surveys. 
Micro Linear is qualified by a number of customers to 
MIL-Q-9858A and MIL-l-45208 for military programs. 

Failure Analysis and Reporting of 
Customer Returns 

A formal program exists to record, analyze and take 
appropriate corrective action on all returns. A 
Corrective Action Committee reviews on a weekly 
basis all discrepancies and assigns responsibility to 
implement solutions or improvements. A report is 
generated and sent to the customer stating our 
findings and action. 
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/M8 Product Screening Flow 

Micro Linear's standard extended screening process 
outlined below utilizes the methods of MIL-STD-883Q 
Class B as it's reference documentation. 


Despite lower cost and faster delivery of the following 
standard /M8 flow, there are cases where a custom or 
special flow Is required. Micro Linear is ready to discuss 
and accomodate custom flows to meet design or other 
mandatory requirements. 



OPERATION 

CONDITION 

1 


Method 2010, Condition R 

2 

100% Temperature Cycling 

Method 1010, Condition C 

3 

100% Constant Acceleration, 

yi Orientation Only - 

Method 2001, Condition £ 

4 

100% Seal Fine Leak 

Method 1014, Condition A 

5 


Method 1014, Condition C 

6 

100% Pre Burn-In Electrical, 25°C 

Data Sheet, 100% Noted Parameters 

7 

l|||ll||||||i||||||sil|§l 

Method 1015 

8 

100% Post Burn-In Electrical, 25°C 

Data Sheet, Parameters Noted 100% Tested 

9 

Percent Defective Allowable Calculation 

PDA*;5%'.;y 

10 

100% Final Electrical Test, 

-55°C and +125®C 

Data Sheet Parameters Noted 100% Tested 

11 

1 QA Sample 116/0 Electrical Te^, 

I 'i'25^C, and ^12S«C - ' 

Group A, Subgroups 1, 2, 3, 4, $, 6, Z 8, 9, 10, 11 

Data Sheet Parameters Noted 100% Tested 

12 

Quality Conformance Inspection i 

Test Sample Selection i 

Method 5005.11 Group B 

A 

1 Resistance to Solvents : ; 

Method 2015 

B 

Solderability, Soldering Temperature i 

of 245 ± 5°C 

Method 2022 or 2003 

C 

j Bond Strength, Ultrasonic = "1 

Method 2011, Condition C or D 

13 

Sample LTPD == 2, C = 1 Seal Fine Leak 

Method 1014, Condition A 

14 

Sample LTPD « 2, Sea!'fcross'Ceak' 

Method 1014, Condition C 

15 

1 100% External Visual 

Method 2009 

SHIP 
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/M8 Manufacturing Flow 

Screening to the /M8 flow is part of the manufacturing 
flow shown below. The numbered steps correspond to 
the operations of the /M8 product screening flow. 


OPERATION 


CONDITIONS 


Preform 


Receiving 

Inspection 




Wafer Fabricated 

Receiving Inspection 
Wafer Sort 
Wafer Saw 


Appropriate FAB 
Specification 

QAP 31003 


DI Water > 10 MQ 



Second Optical Inspection Method 2010, Condition B 
Second Optical Q.C. 7% LTPD, ACC = 1 

Frame Attach (CERDIP only) 

Die Attach 



Die Shear Monitor 

Wire Bond 

Wire Bond Monitor 
Third Optical Inspection 
Third Optical Q.C. 

Seal 

Mark 

Stabilization Bake 
Temperature Cycling 
Centrifuge 
Fine Leak 
Gross Leak 


2 Samples/Lot or Once/Hour 


Ultrasonic Aluminum 

2 units/Machine 

3 grams Minimum 


) LTPD, ACC = 1 


(Note 1) 
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/M8 Military Product Flow 


/M8 Manufacturing Flow (Continued) 


OPERATION 


CONDITIONS 


Marking Permanency 
Lead TVim 
Visual Inspection 
Quality Monitor 
Pack and Ship 
Receiving Inspection 
Electrical Test 
Burn-in 
Electrical Test 


7% LTPD, ACC = 1 


PUR 34001 (Note 2) 


PDA Calculation 

Electrical Test, 

Min. and Max. Tbrnperature 

Q.A. Sample 

Quality Conformance 
Inspection 

Q.A. Fine Leak Sample 
Q.A. Gross Leak Sample 
External Visual 
Finished Goods 
Shipping Inspection 
SHIP 


QAP 35030 



Note 1: Marking of product screened to /M8 test methods and procedures is as follows: 

Micro Linear prefix or for second source devices 
-- prefix is the same as original source 

- Four digit product part number 

- Number or letter indicates electrical grade of part 

- Temperature range (Example: “M” — 55°C to +125°C) 

- Package type (Example: “J” Hermetic Ceramic DIP) 

- Indicates /M8 processing 

fl&,MLXXXXXXX/M8 

XXXX 

Four digit date code 

Note 2: Country of origin may be United States, Korea, Hong Kong or Thailand. 
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/M8 Military Product Flow 


/M8 Product Qualification Actual qualification on a given lot can be performed on 

„ • . . •_! _i i: x. r II • a customer lot basis. Contact your Micro Linear sales 

Generic data can be provided for the following representative for any additional price adder and 

qualification conditions or methods. delivery information. 

Group C Die-Related Tests 

Test Condition Quantity/Accept No. 

1. Steady-State Life (Burn-In 

Method 1005 

LTPD 5 

Circuit Available Upon 

Request) 

1000 Hr at 125°C or equivalent 


End Point Life 

Data Sheet, 


Test Electricals 25°C 

100% Noted Parameters 

Group D Package-Related Tests 


1. Physical Dimensions 

Method 2016 

LTPD 15 

2. a. Lead Integrity 

Method 2004 

LTPD 15 

b. Seal 

Method 1014 


Fine 

Condition A 


Gross 

Condition C 


3. a. Thermal Shock 

Method 1011 

Test Condition B 

15 Cycles 

LTPD 15 

b. Temperature Cycling 

Method 1010 

Test Condition C 

100 Cycles 


c. Moisture Resistance 

Method 1004 


d. Seal 

Method 1014 


Fine 

Condition A 


Gross 

Condition C 


e. Visual Examination 

Method 1004 

Method 1010 


f. End Point 

Data Sheet 


Electricals 25°C 

100% Noted Parameters 


4. a. Mechanical Shock 

Method 2002 

Condition B 

LTPD 15 

b. Vibration, Variable 

Method 2007 


Frequency 

Condition A 


c. Constant Acceleration 

Method 2001 

Condition E 

Y1 Orientation 


d. Seal 

Method 1014 


Fine 

Condition A 


Gross 

Condition C 


e. Visual Examination 

f. End Point Electricals 25°C 

Data Sheet 

100% Note Parameters 
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REFERENCES 

Government documents and specifications. 


FED-STD-2090 

Clean Room and Work Station Requirements, 
Controlled Environment. 

MIL-M-38510 

Micro Circuits, General Specification for. 

MIL-Q-9858 

Quality Program Requirements. 

MIL-STD-414 

Sampling Procedures and Tables for Inspection by 
Variables for Percent Defective. 

MIL-STD-883 

Test Methods and Procedures for Microelectronics. 

MIL-STD-11331 

Parameter to be Controlled for the Specification of 
Microcircuits. 

MIL-STD-45662 

Calibration Systems Requirements. 


ORDERING INFORMATION 

Product processed to the /M8 flow is ordered by adding /M8 to the standard product part number. 

Example: 

ML2111BMJ/M8 

L- SCREENING 

-- STANDARD PRODUCT PART NUMBER 

All /M8 product are shipped with a certificate of conformance. Information with regard to non-standard electrical testing or 
preconditioning, and wafer traceability may be obtained by contacting your Micro Linear sales representative. 
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Application Note 1 


FB3600 Digital Logic Design 


Micro Linear's Bipolar ASIC Technology allows the mixture 
of both analog and digital circuitry on an integrated 
circuit. Micro Linear has combined the advantages of TTL, 
and ECL logic on our FB3600 family of bipolar tile arrays. 
Our +5 volt version of ECL can interface to the outside 
world at standard TTL, CMOS or 10K ECL levels. It 
requires the use of only a standard +5 volt power supply. 
On-chip, gate propagation delay times as low as 2 
nanoseconds are possible. High density ECL digital 
components occupy fifty percent of Micro Linear's FB3635 
tile array. In addition, a certain amount of digital logic can 
be implemented on all of the FB3600 tile arrays. 

Traditionally, 10K ECL logic uses -5.2 volts supply. This 
additional supply is only needed for applications requiring 
an external ECL logic interface. Our FB3635 and FB3621 
tile arrays contain schottky components. These 
components are often useful for Implementing high speed 
TTL & CMOS output drivers. On-chip ECL Logic requires 
a voltage reference which changes over temperature. 
Normally, on-chip voltage references are designed to be 
stable over variations in temperature. The schematic 
diagram for this circuit has been provided. 

This application note has been designed to aid a design 
engineer using a workstation with Micro Linear's analog 
ASIC design libraries. The circuits provide basic building 
blocks which can be integrated on our FB3600 family of 
tile arrays. The circuitry and discussion provided in this 
application note provide a starting point for the design 
engineer's own workstation circuit design and simulations. 

Two Input ECL NOR Gate 

One of the major advantages of ECL logic is that the 
transistors never saturate. This plus the small signal swings 
reduce the propagation delay time through the gate. The 
propagation delay can be adjusted by changing the 
current level used by the circuit. The gate propagation 
delay decreases as the operating current level increases. 

The ECL NOR gate, shown in figure 1, is designed for 
conventional +5 volt power supply operation. VCS is a 
preset bias voltage of 1.35 volts. This develops a voltage 
drop of 750mV across R2. The two ECL inputs (Input A & 
Input B) have a logic high (true) value of 4.25 volts and a 
logic low (false) value of 3.50 volts. VBBTis a preset bias 
voltage which is about half way between the logic high 
and logic low voltages. 

Micro Linear's single +5V operation is different from 
traditional 10K ECL logic which uses a single -5.2 volt 
supply. This establishes the 10K ECL logic high level in 
between -.810 and -.%0 volts and a logic low level is in 
between -1.650 and -1.850 volts. 

The NOR gate operates on the current flow from Q4. All 
the current from Q4 will be steered through either the 
Q3 leg or the Q1/Q2 leg of the circuit. If either Input A 


Figure 1. NOR Cate 
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or Input B logic voltage is high, all the current will flow 
up the Q1/Q2 leg of the circuit. This occurs because 
either or both transistors (Q1, Q2) have an input voltage 
which is above Q3 input voltage. Current flowing up the 
Q1/Q2 leg will cause a 750mV voltage drop to occur 
across R1 (same resistance as R2). This also results in 
Output Y being set at 5 volts minus 750mV minus 750mV 
(Q5 base to emitter voltage drop). Thus, Output Y is set 
at a logic low level (3.05 volts). 

Both inputs need to be logic low for Output Y to have a 
logic high result (4.4 volts). In this case, the voltages on 
both Q1 and Q2 bases are less than the voltage on the 
base of Q3. This will cause all the current from Q4 to 
flow up the Q3 leg. The base of Q5 will be about 5 volts 
since the voltage drop across R1 is close to zero. 

It is important to note that R1 always equals R2 and that 
the voltage drops (typically 750mV) across the base emitter 
will change with temperature. Since all the transistors on 
this 1C are about the same temperature, they and the ECL 
voltage references will all track together with temperature. 
Thus the ECL logic works well over variations in 
temperature. The absolute values of the voltages stated 
above will change slightly with temperature. The values of 
resistors R1, R2, and R3 are adjusted for the desired speed 
vs power tradeoffs. The values shown in the NOR gate 
(figure 1) are typical values. 

Figure 1 also shows an Output YY terminal. Some ECL 
logic gates need to have an extra diode voltage drop for 
its output. We will call this the "'bias level B" 
output/input. The Output Y terminal does not have this 
extra diode voltage drop. Thus, we will call this the "'bias 
level A" output/input. 
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Two Input ECl NAND/AND Gate 

The basic operation of this gate’s differential pair and the 
two output stages is very similar to the NOR gate 
discussion. The NAND/AND gates input stage requires 
Input A to be a ''bias level A” input and Input B to be a 
"bias level B” input. A "bias level A” input needs to be 
driven by a "bias level A" output. Similarly, a "bias level 
B” input needs to be driven by a "bias level B” output. 

The NAND/AND gate shown in figure 2 has two output 
sections. The NAND output uses section A output stage. 
The AND output uses section B output stage. This gate 
can have either output stages omitted. 

The NAND gate has its "bias level A” result on Output X 
and its "bias level B” output on Output XX. Similarly, the 
AND gate has its "bias level A” result on Output W and 
"bias level B” output on Output WW. 

Two Input ECL XOR Gate 

The basic operation of this gate’s two differential pair and 
the output stages is very similar to the NAND/AND gate 
discussion. Figure 3 contains a circuit diagram for this 
gate. It uses one "bias level A” (Input A) input and one 
"bias level B” input (Input BB). The gates output is 
available as "bias level A” (Output W) and as "bias level 
B” (Output WW). 

Figure 3. XOR Gate 
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Figure 2. NAND/AND Gate 
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ECL Data Latch 

The circuit diagram for a single bit ECL data latch is 
shown in figure 4. As long as the Clock Input is logic 
high, the data latch will pass the data from the Data Input 
through to the output. If the input data changes, the 
output will track the change. This is called the pass 
through mode of operation. The pass through mode will 
end as soon as the Clock Input signal changes to logic 
low. When this transition occurs, the current value of 
input data will latch. The data latch will remain fixed as 
long as the clock remains low. Should the Clock Input 
return to the high state, the data latch will return to the 
pass through mode of operation. The data latch is level 
triggered instead of edged triggered. 

Both the Clock Input and the Data Input are "bias level 
A” inputs. The "bias level A” out puts are Q and Q. The 
"bias level B” outputs are QQ and QQ. 

When the Clock Input is high, the current value of the 
Data Input will be present at the Q and QQ outputs. ^ 
inver ted version of Data Input will be present at the Q 
and QQ outputs. When the Clock Input is low, the 
latched value of the previous Data Input will be present at 
the Q and QQ outputs. 

The data latch circuit contains circuitry to adjust the Clock 
Input signal. The circuitry shown in section A contains a 
circuit for converting a "bias level A’^ logic input into two 
"bias level B” output signals. The two output signals reflect 
the input signal and a complement of the input signal. 
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Figure 4. 
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The "'bias level K' clock input signal drives the base of Q1. 
Transistor Q1 and Q2 form a different pair. The base of Q2 
is driven by a reference voltage which is midway between 
logic high and logic low. When the Q1 input signal is 
high, the current will flow only through the Q1 leg of the 
differential pair. This will cause the collector of Q1 to have 
a voltage of about 4.25 volts and the collector of Q2 to 
have a voltage of about 5 volts. Substantial current will 
now flow through Q3. Thus, a "bias level K' logic low is 
present at the emitter of Q3. The diode in series with Q3 
emitter shifts the output voltage to a "bias level B'' output. 
This "bias level B'' output will have a logic low value. Note 
that the Q3 outputs represent the complement of the 
Clock Input signal. Thus, a low Clock Input signal will 
result in a logic high output at the emitter of Q3. 

A buffered version of the Clock Input signal is provided. 
This output will have the same logic level as the Clock 
Input signal. A "bias level K* version of the Clock Input 
signal is available at the emitter of Q4. The diode in series 
with Q4 emitter shifts the output voltage to a "bias level 
B'' output. 

The buffered Clock Input signal and its buffered 
complement will drive the bases of Q5 and Q6, 
respectively. When the data latch is in the data pass 
through mode (Clock Input high), transistor Q5 is turned 
on and transistor Q6 is turned off. If the Data Input is 
logic high, all of the current in the differential pair (Q7 & 
Q8) will flow in the Q7 leg. The current flow through the 


resistor in the Q7 leg will produce a 750mV drop. This sets 
the collector of Q7 at 4.25 volts. This will cause Q11 
emitter to b e at "bias level K' logic low (output Q). 
Output QQ will be "bias level B'" logic low. The lack of 
current flow in the Q8 leg will cause the collector of Q8 
to be at about 5 volts. This will cause the emitter of Q12 
to be logic high ("bias level A”). Output QQ will be at 
"bias level B"' logic high. 

When the Data Input is logic low, then ail of the current 
will flow through the Q8 leg. Tran sistor Q11 emitter will 
now be at logic high. Output QQ will be at "bias level B'" 
logic high. Transistor Q12 emitter will now be at logic low 
and the output QQ will be at logic low. 

The data latch will store the current state of the output 
when the Clock Input signal changes to logic low. This will 
cause transistor Q5 to turn off and transistor Q6 to turn 
on. The base of Q9 gets its input from^utput Q. The base 
of Q10 gets it's input from the output Q. Since it takes a 
few nanoseconds for Q11 and Q12 to change state after 
the input data changes, the data latch is now getting its 
input data from the previous output data. This feedback 
loop causes the data latches output to remain fixed. 

The data latch also contains a CLEAR input. This input 
should normally be logic low ("bias level B"). A logic high 
will reset the data latch to logic low. As long as the CLEAR 
input is logic high, the data latch will remain reset. 
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One Bit ECL Register or Flip Flop 

The circuit shown in figure 5 can be used as a single bit 
positive edge triggered register or as a flip flop. We shall 
first review its operation as a one bit register. This circuit 
latches the Input Data upon the Clock Input changing 
from logic low to logic high. The data will remain latched 
until the next time the Clock Input changes from logic 
low to logic high. Similar to the data latch circuit the 
Clock Input and Data Input signal are both ''bias level K' 
inputs. The register has four outputs. The^ outputs are 
available in both "bias level K’ (Q and Q) and "bias level 
B"' (QQ and QQ). The regter's s tored value (Q and QQ) 
and its complement value (Q and QQ) are also provided. 

This circuit is simply two data latches in series. Both data 
latches use a common clock. When one latch is in the 
data pass through mode, the other latch is latched. When 
the Clock Input signal is high, data latch A is latched and 
data latch B is in the pass through mode. When the Clock 
Input signal is low, data latch A is in the data pass through 
mode and data latch B is latched. If the Clock Input signal 

Figure 5. Register or Flip Flop 


changes from low to high, latch A will latch its current 
input data and data latch B will pass data latch A output 
values directly to its output. This can change the data 
register's output. If the Clock Input signal changes from 
high to low, the output data will not change since latch B 
will latch itself using data provided by latch A previous 
outputs. Note that a flip flop can be implemented by 
connecting the register's Q output to the register's Data 
Input. 

The register also contains a CLEAR input. This input should 
normally be logic low ("bias level B"). A logic high will 
reset the register to logic low. As long as the CLEAR input 
is logic high, the register will remain reset. 

The Clock Input circuit has two "bias level B" outputs 
(point A and B). If these output connections are switched, 
the register will latch upon a logic high to low transition. 
This will cause it to be in pass through mode whenever 
the Clock Input is low. The data register will latch its data 
whenever the Clock Input is high. 
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TTL and CMOS Input Interface Circuit 

This circuit, shown in figure 6, converts a TTL or CMOS 
logic level input into an on-chip ECL level input. Output Y 
is a '"bias level A" version of Input A. Output YY is a "'bias 
level B” version of Input A. Transistors Q1 and Q2 forms a 
differential pair. The string of three diodes (D1, D2, and 
D3) sets the base of transistor Q2 at 2.25 volts. Given a 
high TTL/CMOS logic level drive at Input A, resistor R1 
will bias the base of Q1 to be above the base Q2. This will 
cause all of the current to flow through the Q1 leg of the 
differential pair. Since the voltage drop across R2 will be 
about zero, the base of Q4 will be at 5 volts. The emitter 
of Q4 will be "'bias level A'' logic high. A ''bias level B"' 
version of this output will be produced at Output YY. 

When Input A is driven by a TTL/CMOS low logic level, 
the base of Q1 will be biased below the base of Q2. Now 
all of the current will flow through the Q2 leg of the 
differential pair. The current flow will causes a 750mV 
voltage drop to occur across R2. The emitter of Q4 
(Output Y) is now set at a "bias level A'' logic low. Diode 
D5 produces a "bias level B'' version of this output. 


Figure 6. Input Interface 
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Voltage Reference for FB3600 ECL Logic 

The circuit shown in figure 8 Supplies the necessary 
reference voltages for our ECL logic. It has been designed 
to vary the output voltage with temperature. This block 
has been designed by Mirco Linear's engineering 
department as a standard function block to be included 
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On-chip ECL to TTL or CMOS Output Interface 

The circuit shown in figure 7 takes an on-chip '‘bias level 
K' ECL input and produces a TTL/CMOS compatible 
output. If the input is logic high (true) then the output 
will be logic high (true). The circuit simply buffers and 
shifts the logic voltage level from on-chip ECL voltage 
levels to TTL/CMOS voltage levels. 

Section A contains circuitry similar to the CLOCK input for 
the data latch circuit. It converts the input into two signals 
(buffered version and a complement buffered version). If 
the input is driven by a high logic level, Q1 will be turned 
on and Q2 will be turned off. This causes the base of Q3 
to be 4.25 volts and the base of Q4 to be 5 volts. 

Transistors Q3 and Q4 drives the bases of Q5 and Q6 
respectively. Since the base voltage of Q4 is greater than 
the base voltage of Q3, the base voltage of Q6 will be 
greater than the base voltage of Q5. This will cause all of 
the current in the Q5 & Q6 differential pair to flow in the 
Q6 leg. If Input A is driven by a logic low level, all of the 
current in the Q5 & Q6 differential pair will flow in the 
Q5 leg. 

The collector of Q6 drives the final output circuitry in 
section B. When Input A is at logic high, the collector of 
Q6 will be at .9 volts. The voltage drop across the base 
and emitter (.75 volts) of Q7 and Q8 will result in the 
bases of Q11 and Q12 being driven by less than .2 volts. 
Transistors Q11 and Q12 will be switched off. Since Q11 is 
off, the base of Q13 will be close to 5 volts. This turns Q13 
on and results in a voltage of about 4.2 volts at the 
Output. 

If Input A is at logic low, the collector of Q6 will be at 1.5 
volts. The voltage drop across the base and emitter of Q7 
and Q8 will result in the bases of Q11 and Q12 being 
driven by about .9 volts. This will turn on Q11 and Q12. 
With Q11 turned on, Q13 will be turned off and Q12 will 
be switched on. The output voltage will be about .75 volts. 

We have just reviewed how section A circuitry drives the 
differential pair of Q5 & Q6. We have also reviewed how 
the collector of Q6 drives the output drive circuitry 
contained in section B. Next, we will examine how the Q5 
& Q6 differential pair have been biased. 

Section D contains a circuit known as a base emitter 
voltage multiplier. The voltage at the collector of Q15 will 
be determined by the following equation. 

Voltage at collector of Q15 = [1 + (R1/R2)] x .75 


The value of R1 and R2 is lOKfi and 4KO respectively. The 
.75 represents the typical voltage drop across a transistors 
base to emitter. This sets voltage at the collector of Q15 at 
2.6 volts. The voltage drop across the base and emitter of 
Q14 will set the collector voltage of Q5 at 2.6 - .75 = 1.85 
volts. 

When all of the current flows in the Q5 leg of the 
differential pair (Q5 & Q6), there will not be a voltage 
drop across the circuitry in section E (no current flow). 

The collector of Q6 is now set at 1.85 volts. If all of the 
current flows In the Q6 leg of the differential pair, there 
will be a .75 voltage drop across the diode. This sets the 
collector of Q6 at 1.1 volts. 

The circuitry in section F provides a bias current for a 
current mirror. Resistor R3 value was chosen for a .5mA 
current flow with a 4.4 voltage drop across it. This input 
bias current generates the base to emitter voltage for Q16 
which drives the bases of Q17, Q18, Q9 and Q10. Each of 
these transistors will sink .5mA. 

Transistors Q19, Q21 and Q20 also form a current mirror. 
Transistor Q20 and its 8K emitter resistor have been added 
for stability. The purpose of the current mirror is to keep 
the curent flowing through Q3 and Q4 approximately 
equal. 

Transistors Q11 and Q12 are schottky clamped transistors. 
They consist of a npn transistor with a schottky diode 
connected between the base and the collector. The 
function of this diode is to limit the current flowing Into 
the base. This prevents the transistor from saturating. The 
schottky diode sends the excess base current into the 
collector. This limits the voltage drop across the collector 
and the emitter to about 200mV. The typical base emitter 
voltage drop is .75 volts. These devices can be replaced 
with regular npn transistors if the logic's switching rates are 
low (a few MHz). Saturated transistors have much slower 
switching times than non saturated transistors. 

Voltage Reference for FB3600 ECL Logic 

The circuit shown in figure 8 supplies the necessary 
reference voltages for our ECL logic. It has been designed 
to vary the output voltage with temperature. This block 
has been designed by Mirco Linear's engineering 
department as a standard function block to be included 
on all ECL logic designs. 
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Trimming Analog Bipolar Arrays 


High performance analog integrated circuits are becoming 
a necessity in the design of state of the art analog/digital 
systems. With standard analog IC's this requires the 
designer to specify premium performance parts. These 
same premium performance circuit functions are not 
typically available in semicustom arrays. By utilizing 
trimming techniques, though, improved performance can 
still be obtained. Trimming analog bipolar arrays is a very 
viable, cost effective approach for improving the key 
parameters of a circuit. 

If tighter specifications are required than can be obtained 
using good design techniques the circuit may be trimmed 
at the wafer level by a technique of selectively shorting 
zener diodes. This is known commonly as zener zapping. 
This technique can be used to trim the input offset 
voltage of an op amp or the output voltage of a precision 
reference. For example, the offset voltage of our 
MLC350‘^’ operational amplifier can be trimmed from a 
maximum of 7mV to less than ImV. The MLC340 voltage 
reference can be trimmed to an accuracy of better than 
1%. Many types of parameters may be trimmed within the 
limitations of the technique as described below. 

Although there are other ways in which a bipolar 
integrated circuit may be trimmed, zener zapping has 
become well established because it does not require extra 
processing steps and can be implemented at the wafer 
level. Unlike laser trimming, the technique is not limited 
to altering a resistive element, and does not require a 
large capital investment. Fusible links, another well- 
established method, requires currents in the ampere 
range in order to blow the standard 1 micron thick 
aluminum, resulting in a questionable blown connection. 
A thinner link would require additional wafer processing 
steps. 

The Zener Zapping Technique 


Figure 1. 
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Veb < 18V 
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AFTER “ZAPPING” 
Veb > 18V 


avalanche breakdown point, to above 18V. At about 18V 
the instantaneous power dissipation exceeds 1.2W (figure 
2) and an oscillatory, thermal runaway condition occurs. In 
less than a second the junction is destroyed leaving a 1-10 
ohm short. The current required is less than 300mA, so 
remote probe pads (the bonding pads) can be used 
without damage to the pads or traces. 


Figure 2. 
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= 69mA 


This process is called zener zapping because the emitter- 
base diode of a bipolar transistor is permanently shorted 
by passing a relatively large current through it while in 
the reverse breakdown avalanche mode. It produces a 
reliable 1-10 ohm link between the emitter and base pads. 
(See Fig. 1) This is a very reliable connection because of 
the double short which actually occurs. The first short is 
caused by the destruction of the pn junction. In addition, 
the presence of a large electric field during thermal 
runaway causes metal to migrate across the silicon surface 
beneath the oxide layer, producing a second short. 

This set of events occurs when the voltage across the 
emitter-base junction is increased beyond the 6.3V 


Power Dissipation = IV = (69mA)(18V) = 1.24W 

The circuit in figure 3 illustrates a simple implementation 
of this technique to alter the total resistance of a circuit 
path. Before any of the zeners are blown the total 
resistance equals 15R. This value can be altered to equal 
any integer multiple of R from 1R to 15R by selectively 
blowing only four zeners in a binary fashion. This Is 
possible due to the binary arrangement of the resistor 
values. For example, to obtain a resistance of 5R, Q 2 and 
Q 4 should be shorted resulting in 4R + 1R = 5R. Note that 
5 equals 0101 in binary which is represented by Q 4 , Q 3 , 
Q 2 , Qi with shorts being O's and opens being Vs. 
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Figure 3. 
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This type of circuit arrangement has two restrictions of 
which the designer should be aware. During normal 
operation of the circuit, the current through the resistor 
string should not be allowed to flow opposite to the 
direction indicated in the drawing. This would forward 
bias the base-emitter junction of the transistors, and 
effectively short out a resistor intended to be used. In 

Figure 4a. 


addition, the forward voltage drop across each of the 
resistors should not exceed the zener breakdown voltage, 
about 6.3V. This would allow current to flow out of the 
resistor string and through the zener, altering the 
Intended operation of the circuit. 

The preceding example illustrates the use of zener zapping 
to alter a resistive element in a circuit. In many cases 
modifying a current source is a more useful way of trimming 
a design. Figure 4a shows trimmable current sources used to 
reduce the input offset voltage of an op amp. 

In this example the balance of current in two circuit paths 
Is altered using zener zapping. This technique is 
particularly useful for reducing the input offset voltage of 
an operational amplifier which has added emitter 
degeneration in the input stage in order to improve slew 
rate (figure 4b). The emitter resistors used in this circuit. 

Re and R 7 , will contribute significantly to the offset 
voltage of the input stage. By modifying the balance of 
current between 1 ^ and Ib the increased offset voltage 
Vqs can be compensated. In this example there are again 
4 bits of trimming resolution with the 3 least significant 
bits controlling one current path and the most significant 
bit controlling the other. With this configuration the 
balance of current can be altered in either direction. In 
other words, the current in T-i can be increased or 
decreased relative to T 2 . 



GND 
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Figure 4b. 
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To increase the current through T-i relative to I 2 you 
simply short Qi, Q 2 ^ ^nd Q 3 in a binary fashion to get 
increments of I from II to 71. To increase the current 
through T 2 relative toT-i you short Q 4 which increase the 
current through T 2 by 81. Then if you want less current, 
short Qi, Q 2 , and Q 3 in a binary fashion to offset the 
increase in T 2 by increments of I down to II. 

The source of current in the trim circuit should be of the 
same type as the circuit to be trimmed so their 
temperature coefficients will match. In this case the Vrep 
in both circuits should be the same, and resistors R 2 and 
R 3 should be of the same type, 


Shorting zeners is an irreversible process. Thus, it is 
Important to check the results of a trim bit pattern before 
actually destroying the junctions. This is done by shorting 
the probe pads externally in the desired pattern through 
relays. In this way all combinations can be tried and the 
best results can be chosen and implemented. 

Although these two examples both use 4 bits (4 zeners) to 
trim a circuit, any number can be used to get more or 
less resolution. The designer should be aware though of 
the practical limitations of each circuit to be trimmed. 
Other error terms like temperature coefficients will 
eventually become significant, and additional trimming 
beyond this point would be fruitless. In addition, the 
more zeners you use, the more probe pads are required. 
In a full custom circuit where minimum die size Is the 
ultimate goal, the additional die area required for the 
diodes, pads and trim circuitry may become significant. 

An array, however, typically has unused components 
available for the trim circuitry, and you only have to be 
concerned with the number of bonding pads available. If 
all of the pads are already being used for pinouts then a 
larger array would be required. 

These examples illustrate the usefulness and flexibility of 
zener zapping. There are many other potential 
applications for this technique though, and with a good 
understanding of the basic diode shorting process the 
design engineer can be creative in its application. 


The MLC350 is one of the circuits in Micro Linear's library of 
macrocells. Performance details of this circuit and other 
macrocells can be found in the FB300 Macrocell and Component 
Library booklet. 
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Design Techniques for Low Input Bias Current 


Analog systems often require high impedance inputs to 
accommodate the demand for higher accuracy. 
Measurement systems which interface to photodetectors or 
high impedance transducers require devices with low offset 
voltage and low input bias current. This is necessary to 
receive and amplify the signal without introducing any 
significant errors. Under this constraint, the designer will 
often select a FET as the primary input device. Although a 
FET input stage may be appropriate in a discrete circuit 
design, there are other all bipolar techniques which are just 
as effective and better suited to an analog array. In some 
cases, these techniques will out perform the FET alternative. 

This application note describes three alternatives for 
obtaining low Input bias currents. The design techniques 
described can be applied to many different types of 
circuits from simple emitter followers to complex 
amplifiers. For example, a typical all bipolar operational 
amplifier can achieve Input bias currents of about lOOnA 
with an offset voltages of about ImV^^’. Unfortunately 
these characteristics are still not good enough for many of 
the applications previously mentioned. The input bias 
current can be minimized by using one of the following 
design techniques, 1 ) reducing the collector current 2 ) 
using a Darlington configuration 3) employing current 
cancellation techniques. This document will briefly 
describe the first two methods but will provide a detailed 
analysis of the cancellation technique as it provides the 
best performance trade-off and is the most involved. 

Reducing the Collector Current 

The simplest approach to achieve low input bias current is 
to reduce the collector current of the input transistors. 
Since the base current tracks the collector current by a 
factor of beta, reducing the collector current of the input 
transistors will reduce the input bias current into the 
bases. Beta will degrade at lower collector currents (figure 
1 ), however, setting a practical limitation on this technique 
at about 50pA base current. If the circuit does not require 
a high slew rate or high gain bandwidth, this may be an 
acceptable method. 


Figure 1. Current Gain vs. Collector Current 



Figure 2. 



h lo 


The Cancellation Technique 

An all bipolar solution to low input bias current with low 
offset voltage while maintaining high collector currents for 
noise, slew rate or bandwidth reasons requires a 
technique called Input Bias Current Cancellation. 


The Darlington Configuration 

Figure 2 shows a differential Darlington configuration 
which will reduce the input bias requirements by a factor 
of beta. It will also double the offset voltage and reduce 
the voltage gain by 2. The offset voltage doubles due to 
the additional mismatching of the added devices, while 
the voltage gain suffers because only one-half of the 
input signal appears across the inner pair of transistors. A 
higher slew rate and gain bandwidth, though, can be 
achieved with this technique, over simply reducing the 
collector current, but it requires more components. 


Input bias current cancellation is a circuit design 
technique which measures the input current and forces 
an equivalent amount back into the input nodes (figure 
3). Ideally, this results in perfect cancellation of the input 
current. In the circuit in figure 3, the base currents into 
Q 3 and Q 4 duplicate the base currents Into Q-| and Q 2 . 
These currents are then sensed by Q 5 and Qj and 
equivalent currents are fed back, via Qg and Qg, into the 
input nodes. The total current at each Input is thus, 

liN = Ib - Ic 
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Figure 3. 



Assuming all PNP betas (/3p) are equal, all NPN 
betas (yS^) and all base-emitter voltage drops are equal. 
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If all betas are very high. 


so 

l|N = 0 

The main contributor to cancellation errors in this circuit is 
the low beta of the PNP devices. This sets a practical 
limitation on this technique at about 5-10% of the 
uncanceled current, as shown by the following example. 

Assumptions: /3|si = 100, fip = 30, Ib = 70nA 

™ r 1 + 100 2 + 30 
1|N = 70 (.0718) 
liN = 5nA 

This technique does not reduce the input offset current. In 
fact, the additional circuitry, with its additional mismatches, 
increases the offset current by a factor of about 3. The 
input bias current can be reduced to about the same 
value as the offset current, setting the limitation on this 
technique at about 1-IOnA. 


In the equations above, the betas of PNPs in the current 
mirror were assumed to be equal. To enhance the viability 
of this assumption, the Vce of each PNP should be kept 
equal. With the cancellation circuitry tied to the positive 
supply the of Qe and Qs will change with the input 
voltage, while the Vce of Q 5 and Q 7 will remain constant. 
This further aggravates any beta mismatch which already 
exists. To reduce this effect the circuit can be self-biased 
using current source Ibb, diodes Di and D 2 , and transistor 
Q 9 , as shown in figure 4. 

Figure 4. 



This circuit keeps the voltage across the cancellation 
circuitry fixed as the input common mode voltage 
changes, which in turn keeps the beta of each device 
constant. 

These techniques for reducing input bias current 
demonstrate the reality of achieving levels sometimes 
thought only possible with JFETs or MOSFETs. Circuits 
being considered for analog array integration which 
contain discrete FETs or FET input op amps should not be 
categorized as not possible. Rather, each individual circuit 
should be analyzed for its critical parameters, keeping In 
mind the trade-offs described above. If none of the 
bipolar solutions is adequate an external FET can always be 
used as an Input buffer. 

The offset voltage can be reduced by making use of wafer 
trimming techniques. At Micro Linear a process called zener 
zapping is used. For more information about this process see the 
application note titled “Trimming Bipolar Arrays''. 
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High Frequency Complex Filter Design 
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1.0 Introduction 

Switched capacitor filters have been growing in popularity 
because of their advantages over active filters. Switched 
capacitor filters don't require external precision capacitors 
like active filters. Their cutoff frequencies have a typical 
accuracy of +0.3%, and they are less sensitive to 
temperature changes. This allows consistent, repeatable 
filter designs. Another distinct advantage of switched 
capacitor filters is that their cutoff frequency can be 
adjusted by changing the clock frequency. Switched 
capacitor filters offer higher integration at a lower system 
cost. 

Until the Introduction of the MLZIII, commercially 
available switched capacitor filters were limited to about 
20 KHz center frequencies. The ML2111 uses the versatile 
architecture of the MF10 with enhanced performance to 
reach center frequencies of up to 150 KHz with Q values 
up to 20. 

Designing high frequency, high order filters using the 
ML2111 is the main topic of this application note. 

Particular attention Is focused on mode 1c, which has the 
advantage of operating at high frequencies while allowing 
the center frequency to clock ratio to vary based on 
external resistors. A flexible building block is introduced 
which implements all the necessary types of bi-quads to 
realize high order complex filters. Finally an example is 
given which illustrates the design of an eighth order 
Elliptic bandpass filter with a center frequency of 90 KHz 
and a passband from 81 KHz to 100 KHz. 


Figure 1: Signal Processing Systems 


The first part of the application note covers a variety of 
issues: layout, how fast the system clock can be changed 
for sweeping filters, and some differences between 
continuous and sampled data filters. For the reader who is 
already familiar with sampled data filters, section 2 on 
Effects of Sampling, Aperature, Aliasing, and Signal 
Reconstruction may be skipped. 

2.0 Effects of Sampling 

Since the ML2111 is a switched capacitor filter, it behaves 
as a sampled data system. Switched capacitor filters, as 
opposed to digital filters, are analog sampled data systems. 
The signal remains In the analog domain, as the charge 
on a capacitor. Whether using an analog or digital 
sampled data system, the effects of sampling the signal 
must be considered. 

Figure 1 shows a time domain input and output signal of 
an analog sampled data system. In the ideal case, the 
sampled data system, samples the input signal 
instantaneously, or with an impulse function. The 
amplitude of each sample is equal to the instantaneous 
amplitude of the input signal. The output is a series of 
narrow pulses, each separated by time T, the sampling 
period. 

2.1 Aperture 

Since an impulse function In the time domain 
corresponds to a flat spectrum in the frequency domain, 
the input spectrum is exactly reproduced in the frequency 
domain, however, in reality the sampling signal is periodic 
and has a finite pulse width. When convoluting a finite 
pulse width with an input spectrum F(jca) with unity 
amplitude, the result is found to be: 

Fs, (jo)) ^F[j(a)- ncOs)] (1) 


VOLT 


VOLT 



B) SAMPLED ANALOG SYSTEM 
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Figure 2: Analysis of a Sampled Signal 


TIME DOMAIN FREQUENCY DOMAIN 


BEFORE 
SAMPLING 

TIME FREQ 

a. INPUT-SIGNAL WAVEFORM c. INPUT-SIGNAL SPECTRUM 





TIME fs 1/r 2fs 3fs 2/r FREQ 

b. SQUARE-TOPPED SAMPLED SIGNAL d. SQUARE-TOPPED SAMPLED-SIGNAL SPECTRUM 


From this equation, the gain is a continuous function of 
frequency defined by (r/T) (sin (cjr/2)/{wf/2)) where r is 
the sample pulse width in seconds, T is the sample period 
in seconds, and to the frequency in radians per second. 

The time and frequency domain plots for the finite pulse 
width sampled signal are shown in figure 2. Figure 2 is a 
plot of the previous equations where the frequency 
spectrum is formed around multiples of the sampling 
frequency. As long as the adjacent spectra do not overlay 
(aliasing distortion), the continuous signal can be 
reconstructed from the discrete samples. 

To evaluate the amplitude distortion caused by having a 
finite pulse width, one can simply solve equation 1. Since 
the ML2111 has a zero-order hold r/T is unity. Assuming a 
7.5 MHz sampling frequency and a bandwidth of 150 KHz, 
the amplitude distortion or attenuation is 5.7 x 10"^ dB. 

The equation shows that when the sampling frequency is 
40-50 times greater than the bandwidth, the aperture 
effects are negligible. 

2.2 Aliasing 

Another potential source for distortion in a sampled data 
system is aliasing. Aliasing distortion occurs when the 
Input frequency to a sampled data system contains 
frequency components above one half the sampling 
frequency. These higher frequency components beat with 
the sampling frequency and are reflected back Into the 
baseband causing aliasing distortion. 

The additional spectral components caused by sampling 
the Input signal are the sum and differences of the input 
frequencies with multiples of the sampling frequency. For 
example, assume the input to a sampled data system is a 
sine wave with a frequency of 100 KHz (fj) sampled at 
250 KHz (fs), as shown In figure 3a. The first few spectral 


components will be at: (fj = 100 KHz; original signal, 
fs - fj = 150 KHz, fs + fj = 350 KHz, 2fs - fj = 400 KHz, 

2fs + f| = 600 KHz, . . .) Now assume fj has a second 
harmonic, which would be at 200 KHz, the spectral 
components are shown in figure 3b. If our bandwidth of 
interest were from DC to fs/2, then the fg - 2fj 
component interferes with the original signal. If we were 
to reconstruct the original signal by lowpass filtering it, we 
could not separate the aliased component, fs - 2fi = 50 
KHz, from the original signal. 

If our bandwidth of interest is a bandpass, the aliased 
component may not interfere. For example, if the ML2111 
were to be used as a four pole bandpass filter with a 
center frequency at 100 KHz and a Q = 10 as shown In 
figure 3c, then the aliasing components in the above 
example would be filtered out as shown in figure 3d. But 
if the ML2111 were to be used as a low pass filter, then 
the fs - 2fi aliased component would not be filtered out 
by the ML2111, and an anti-aliasing filter would be 
needed. 

If the input signal is not band-limited, and the aliasing 
components fall within the bandwidth of Interest, then a 
lowpass filter or anti-aliasing filter must be placed in front 
of the ML2111. This filter must be a continuous filter 
rather than a sampled data filter, however, the complexity 
of this filter is typically much less than the ML2111 filters, 
and Its frequency response is less critical allowing for 
relaxed component tolerances. 

Since no frequency component can be totally eliminated, 
one must determine the acceptable amplitude of the 
aliasing components that will not impact the Signal to 
Noise ratio of the system. 

The higher the ratio of sampling frequency to input 
bandwidth, the lower the requirements on the anti¬ 
aliasing filter. Figure 4 shows the effects of sampling rate 
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Figure 3. Aliasing Distortion Using Sample Data Filters 
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rate on the separation of sampled signal spectra. Note the 
amount of overlap increases as the sampling frequency is 
decreased for a fixed input signal bandwidth. In general, 
the higher the sampling frequency, the less aliasing 
distortion. Since the MLZllVs sampling frequency is 
typically either 50 or 100 times greater than the input 
bandwidth, the aliasing distortion may be negligible. 

2.3 Signal to Noise Ratio and 
Aliasing Distortion 

To determine whether aliasing distortion could be a 
problem, one must first determine the Signal to Noise 
Ratio of the overall system. Aliasing distortion less than 
the signal to noise ratio is of no concern. 

The data sheet specifies noise based on Q and 
bandwidth. From these specs one can deduce the S/N 
ratio of one bi-quad in the ML2111. Using a simplified 
example, a bandpass filter with a Q = 10 and a system 
clock to center frequency ratio of 50:1 has noise that is 
262 yuVrms over a 750 KHz bandwidth; taken from the 
specs in the data sheet. To determine the maximum input 
signal amplitude, one must consider the slew rate spec. 
The typical value is 2 V//isec, however a comfortable 
safety margin is 1.495 W/jJsec for the commercial 
temperature range and 1.256 V///sec for the military 
temperature range. The slew rate = IrriA, where f is the 
maximum input frequency, and A is the peak amplitude 
in volts. Therefore A = 1 . 495 E 6 /( 2 * 7 r* 100 E 3 ) = 2.3 Volts; and 
the S/N = 78 dB. 


Based on a 100 KHz bandpass filter with a Q = 10, 

^CLK'^o 50:1, and a signal to noise ratio of 78 dB, what 
sort of anti-aliasing filter would be sufficient? One must 
first look at the spectrum of the input signal, particularly 
in the 4.895 MHz to 4.905 MHz frequency range since this 
is the range that will be reflected back into the 
bandwidth of interest, 95 KHz to 105 KHz. If the 
frequency components in the 4.895 MHz to 4.905 MHz 
are below 78 dB, they will have a minimum impact on 
the signal to noise ratio. Let's assume that these frequency 
components are down only 20 dB. Then the anti-aliasing 
filter will have to attenuate the frequencies in the 4.895 
MHz to 4.095 MHz range by 78 - 20 = 58 dB, and pass 
the frequencies in the 95 KHz to 105 KHz frequency 
range with no attenuation. A simple two pole Butterworth 
filter with a cutoff frequency of 170 KHz will be sufficient, 
however there will be an attenuation of about 0.5 dB at 
100 KHz due to this filter. 

Figure 5a shows a Sallen-Key active filter capable of 
implementing two poles, and figure 5b shows a Rauch 
filter also implementing two poles. These two active filters 
are good examples to use for anti-aliasing and 
reconstruction filters. Using the Rauch filter for the above 
example, C 5 = 400 pF, Cq = 90 pF, and R = R 4 = Re = R 7 = 5 KQ. 
Fortunately the cutoff frequency for the antialiasing 
and reconstruction filters are not critical since capacitors 
can vary 5% and resistors can vary 1%. Taking into 
account component tolerance for our example, the cutoff 
frequency can vary worst case from 152 KHz up to 
178 KHz. 

The important aspects to note are that one must first 
determine the signal to noise ratio in the bandwidth of 
interest. Based on this bandwidth, are there any 
frequencies that will be reflected back into the bandwidth 
of interest, and if so how much will they need to be 
attenuated? Remember that frequency components 
reflected back outside of the bandwidth of interest, will 
be filtered by the ML2111. Since the ratio of the sampling 
frequency to the center frequency is large on the ML2111, 
most designs will not need an anti-aliasing filter, and if 
they do, a simple two pole butterworth should suffice. 

2.4 Signal Reconstruction 

The output signal of a switched capacitor filter contains 
higher frequency components since it is a sampled signal. 
Many systems can accommodate these higher frequency 
components; however, if they interfere with the system's 
performance, then a signal reconstruction filter can be 
employed. 

A time domain and frequency domain plot of the output 
from the ML2111 is given in figure 6 . The output signal 
changes amplitude every clock period. These sharp 
transitions elicit high frequency components in the output 
signal. Once again, the fact that the ratio of the sampling 
frequency to the input bandwidth is high, reduces these 
distortion effects. As a result of the sin (x)/x envelope, the 
higher frequency components are attenuated. For 
example, assuming the input bandwidth is 100 KHz and 
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Figure 4: Effects of Sampling Rate on Aliasing Noise 


TIME DOMAIN 



the sampling rate is 5 MHz, the frequencies around 4.9 
MHz are down 34 dB, and they degrade towards zero as 
the frequency reaches 5 MHz. A single pole 
reconstruction filter with a cutoff frequency at 200 KHz 
would add an additional attenuation of 27 dB at 4.9 MHz 
but would attenuate the output by 1 dB at 100 KHz. A 
two pole Butterworth as in figure 5a or 5b would yield 58 
dB of attenuation at 4.9 MHz and only 0.5 dB at 100 KHz. 

3.0 Layout Considerations 

The layout of any board with analog and digital circuitry 
combined mandates careful consideration. The most 
important steps in designing a low noise system are: 

1. All power source leads should have a bypass capacitor 
to ground on each printed circuit board (PCB). At least 
one electrolytic bypass capacitor (50 /t/F or more) per 
board is recommended at the point where all power 
traces from the ML2111 join prior to interfacing with 
the edge connector pins assigned to the power leads. 

2. Layout the traces such that analog signal and capacitor 
leads are far from the digital clock. 

3. Both grounds and power supply leads must have low 
resistance and inductance. This should be accomplished 
by using a ground plane where ever possible. Either 
multiple or extra large plated through holes should be 
used when passing the ground connections through 
the PCB. 


FREQUENCY DOMAIN 



fs3 FREQ 


4. Use a separate trace for clock ground, and connect it 
to the edge connector board ground. 

5. Use ground plane on both sides of PC board. 

6 . All power pins on ICs should have 0.1 /iF and a 0.01 //F 
capacitors in parallel tied to ground, and as close to 
the power pins as possible. 

7. Stray capacitance, lead lengths, and traces, on pin 4 
and 17, the negative input of the op amp, should be 
kept to a minimum, particularly for high frequency 
filters which are more sensitive. 

Figure 5a. Sallen-Key Filter 



1 

s^B + sC + 1 

B = R 4 R 7 C 5 C 8 = 1/R 4 — R 7 
C = C 5 (R 4 + R 7 ) = I/Qcjq 
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Figure 5b. Rauch Filter 
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Figure 6: Signal Reconstruction 


AMP 




3.1 Clocks and Output Loading 

It is important to properly terminate the clock Input to 
prevent overshoot. Each pin has protection diodes for 
Electro-Static Discharge (ESD), and any overshoot of more 
than 0.3 to 0.5 volts will be injected directly into the 
ML2111"s ground and/or supplies. Matching the 
characteristic impedance of the line will prevent any 
ringing thus reduce clock noise. 

When operating with high clock frequencies, the output 
of the op amp and integrators should be properly loaded. 
Ideally these outputs—LP, BP, and N—like to drive a total 
of 2 to 3 mA of peak current each. Assuming the output 
voltage swing is ±2 volts, the sum of R 5 and Rg, in mode 
1c for example, should be 2 V/2 mA or about 1,000 ohms; 
assuming no other resistors are connected. Sometimes this 
is difficult to do if the ratios and loading cannot 
simultaneously be achieved. In this case an additional 
loading resistor placed as close as possible to the output 
pin will serve the purpose of properly loading the outputs. 

4.0 Sweeping Filters 

One particularly nice feature of sampled data filters is the 
fact that the center frequency of a filter is directly related 
to the clock frequency. For a lowpass filter, increasing the 
clock frequency increases the cutoff frequency. Even 
though the center frequency increases proportionally with 
the clock, Q stays constant. Therefore in a bandpass filter, 
increasing the clock frequency increases the center 
frequency as well as the bandwidth. Table 2 in the data 
sheet illustrates this relationship. (Note that there is some 
Q deviation as the system clock goes beyond a certain 
value. Refer to figure 2E in the data sheet for a graph of 
this phenomenon) 

A good rule of thumb for the maximum rate a filter can 
be swept is that the Sweep Rate should be less than the 
square of the bandwidth of the filter. This will reduce 
attenuation of the passband as a result of sweeping the 
filter. The theoretical derivation of this approximation is as 
follows. 

Assume we have a bandpass filter with an in-band signal 
that starts at t = 0. The output of the filter will 
exponentially increase until it reaches the steady state gain 
of the passband. After 4 time constants (r), the output 
sine wave vyill be at 98% of its final amplitude. 

Sweeping a filter is analogous to keeping the filter 
constant and sweeping the input frequency. To prevent 
the filter from attenuating the sweeping input signal by 
more than 2% or 0.16 dB: 

Sweep Rate < BW/4 t (2) 

but the time constant can be approximated by: 

T-Q/27rfo (3) 

Q = fg/BW or BW = fg/Q (4) 

substituting t and BW into equation (2) results In: 

Sweep Rate < 7 rBW 2/2 (5) 
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5.0 High Frequency Operation 

There are three basic modes for the ML2111 mode 1, 2 
and 3. Within each mode there are several variations as 
shown in the table below. 


Mode 1* 

High Frequency Mode 

1 , la. Id 

1 b, 1 c 

fg up to 150 KHz; Q up to about 20** 
fg up to 100 KHz; Q up to about 30 

Mode 2 

Flexible for Notches 

2 , 2 a, 2 b 

fg up to 30 KHz; Q up to about 30 

Mode 3 

Most Flexible/Low Component Count 

3, 3a 

fg up to 30 KHz; Q up to about 30 


* Q and fo have an inverse relationship. This table is only an 

approximation. Actual performance depends on board layout and 
stray capacitance, 

** 15% or less Q deviation. Higher Q's can be realized with greater 
deviation. 

■ Mode 1 is the only mode which has the input amplifier 
outside the resonant loop. This is important because the 
input amplifier reduces the bandwidth potential of the 
filter. Only Mode 7 can achieve filters with resonant 
frequencies up to 150 KHz. 

Inserting an ML2111 into an MF10, LMF100, or LTC1060 
socket and increasing the clock frequency does not 
: automatically increase the bandwidth potential up to 150 
; KHz. If these pin-compatible parts were designed using 
, Mode 1, the bandwidth improvements would be realized; 

however if they were used in another mode, there would 
J be limited bandwidth improvements. 

Complex, high order filters usually have pole pairs with 
different center frequencies; Elliptical and Chebyshev 
filters are two examples. To realize two pole pairs in one 
ML2111 with different center frequencies, one must either 
use two different clocks, or use a mode which allows the 
center frequency to be modified by external resistors. 

Using different clock frequencies to realize poles with 
different center frequencies is not recommended. Besides 
the additional expense of providing more than one clock, 
the two system clocks may beat with each other and 
possibly result in side tones that falls within the passband 
of the filter. Additionally if anti-aliasing is needed, 
separate anti-aliasing filters would be needed for each 
stage. 

Looking at tables 1 and 2 in the ML2111 data sheet, one 
can see the modes that allow the center frequency to be 
modified by external resistors. These modes each have an 
additional coefficient multiplied by fcLK/'IOO(50). From the 
block diagrams one can see that the modes which allow 
the center frequency to be modified, feedback the LP 
output using a resistor divider. The modes that restrict the 
ratio to 50 or 100 have a unity gain LP feedback. 


If the coefficient multiplied by fcLK/^00(50) is greater than 
or equal to 1, as in Mode 1b, then the ratio of fciK to fo 
can be less than 50 or 100. Whereas if this coefficient is 
less than or equal to 1 , then the ratio of fcLK-^O oan be 
greater than or equal to 50 or 100. Reducing the ratio of 
fcLK to fo to less than 40 to 50 is not recommended. As 
the ratio of the sampling frequency to the center 
frequency is reduced, the approximation of a sample data 
filter to a continuous filter is reduced. Aperture effects 
increase, aliasing effects may increase, harmonics in the 
output increase, and the warpage between the discrete 
and the continuous filter increase. 40 to 50:1 is the 
minimum recommended ratio of f^LK to fg. 

Based on the above arguments one might conclude that 
100:1 is better than 50:1. In general this is true for 
switched capacitor filters, but not for the ML2111. The 
specifications in the data sheet show that a 50:1 ratio 
provides a more accurate Q than a 100:1, and a 50:1 ratio 
allows higher frequency filters. 

Mode 3 is the most flexible since the center frequency 
can be greater than or less than fcLK/^^00(50) by selecting 
R 2 and R 4 . Its also the most efficient since it has the 
lowest component count. However mode 3 can only 
work up to 30 to 40 KHz or Qs up to the 10 to 30 range; 
higher fg can be obtained with lower Qs. Sometimes a 
small capacitor (C 4 ) across R 4 can compensate the filter 
response and offer less Q deviation. The value should be 
selected by setting C 4 equal to 1/27rR4BW where BW is 
approximately equal to 2 to 4 MHz. 

Another reason mode 3 can only be used at lower 
frequencies is that there is a true sample and hold at the 
positive input of the summer. This sample and hold adds 
a 7.2 degree delay at the center frequency when using a 
50:1 ratio (360°/50). By using a higher ratio this delay is 
lowered. Since the ML2111 allows a higher system clock 
than other competing devices, this delay can usually be 
made smaller for similar center frequencies. 

In conclusion, for high frequency filters use Mode 1. For 
complex filters with various center frequencies use Mode 
1c. In most cases one should choose 50:1 over 100:1 ratio 
for more accurate Q's and center frequencies. 

5.1 A Flexible Building Block 

Figure 7 shows the block diagram of a second order 
section which includes both a complex pole pair and a 
complex zero pair. The poles are provided by the ML2111 
and the zeros realized by one and sometimes two 
external op amps. This building block uses mode 1c 
which allows the poles to have a center frequency based 
on external resistors as well as the clock, plus it can be 
used in higher frequency filters since the op amp is 
outside of the resonant loop. The same feedforward 
circuit can be used on other modes as well, but for high 
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frequency filters, where each complex pole pair has a 
different center frequency, mode 1c is the best choice. As 
mentioned before, only when Butterworth filters are 


desired, use mode 1 to achieve higher frequencies and a 
higher dynamic range. The transfer function for the 
flexible building block Is given below. 


V,N 


Rio 

Ri7 


S2 


, R2 Ri7 R3 1 , . R2R12R17 L , R5 \1 Re 9 

+ — 1--SWi + 1+- 1+— - 
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Re 

R5 Re 
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Figure 7: Flexible Building Block 



At least one and sometimes two external op amps are 
required to realize the zeros. The first op amp serves as 
an inverter, while the second one sums the input signal 
with the lowpass and bandpass outputs. A fast op amp 
should usually be used with greater than 10 MHz 
bandwidth to minimize signal phase shifts. Depending on 
the application, sometimes a slower amplifier will suffice. 
In some cases no external op amp is necessary and the 
second op amp in the ML2111 if not being used will 
suffice. This was done in figure 34 in the data sheet. 

With the Flexible Building Block a lowpass, highpass> 
notch, and allpass section can be realized by properly 
positioning the zero locations. Zero locations are chosen 
by selecting the appropriate resistors. The difference 
between the lowpass output provided by the ML2111 in 
mode 1c and the lowpass function realized by the flexible 
building block is that in mode 1c the response is 
monotonically decreasing, while the Flexible Building 
Block has a complex zero pair which inserts a ripple in 
the stop band and flattens out at high frequency. 

Since the Flexible Buidling Block uses mode 1c, the pole 
equations remain the same whether there is feedforward 
or not. What changes is the zero location and the DC 
gain. The following equations are used to determine the 
pole locations and Q for the Flexible Building Block, 
which uses mode 1c. 

f = ^CLK r Re 
“ 100(50) V R 5 + Re 


A handy set of equations to convert pole and zero 
locations given in rectangular coordinates to fo and Q 
values Is as follows: 

Complex Pole = a + jcj; 

+ 0)^ 1 /- 

fo= —- Q=-\/l + (a)/o-)2 ( 7 ; 

ZTT 2 

By cascading several of these building blocks, complex 
high frequency Elliptical filters can be realized. 

5.2 Lowpass 

For a lowpass design with a notch, the zeros should be 
placed on the ]o) axis at frequencies greater than the 
poles" center frequency. In the numerator of the transfer 
function for equation 6, the coefficient for sto^ should be 

R3 Ri 8 

set to zero; setting ~ = —. 

Ri Ri 7 

Since —= cjr?, the coefficient 
Rs + Re 

R 2 R 12 R 17 R 5 \ I - I f r 

1 +- 1 +— determines the center frequency of 

RiRllRig ' R5 / 

the zero. In this form it Is always greater than one, 
therefore the center frequency of the zero is always 
greater than the center frequency for the poles; hence a 
lowpass filter. The pole/zero location and the frequency 
response are shown below. 


rx: 

R 2 VR 5 +R 6 
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Equations for the lowpass configuration: 

(Isf . 1 , 

Ri 9 ^ °v R1R11R19' Re' 

Ri 1 Re ' 



R2R12R17 

R 1 R 11 R 19 



The ratio of the zero to the pole frequency determines 
the DC to high frequency attenuation. 

When the zeros are at the same frequency as the poles 
the bi-quad becomes a notch, and there is no difference 
between the high frequency and low frequency gain. The 
larger the difference between the pole and zero 
frequencies, the greater the rejection. Figure 8 illustrates 
the relationship between pole/zero location and gain. 

Figure 8 : Varying iz and Keeping Iq Q Constant 



To place the zeros at a lower frequency than the poles 

the coefficient 1 + (l + — ) must be less than 
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one. This can be done by removing the inverter in figure 
7, which makes the sign of Rqg negative. To place the 

R 3 R-^b 

zeros on the joj axis, once again — = — . Equations for 

Ri Ri7 

the highpass configuration: 
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5.4 Notch 

Even though mode 1c provides a notch output, the notch 
realized by the flexible building block achieves 0 dB of 
gain at DC and at high frequencies regardless of the Q 
value. The problem with the notch in mode 1c is that 

Hqni (f 0 ) = Hon2 (f ^clk/ 2 ) = 

Q ’ 

As Q increases Honi ,2 i^ust decrease otherwise the 
bandpass output node, BP pin 2 or 19, will saturate. The 
restriction is that Hobp = 1 = -R 3 /R 1 . Let's take a simple 
case when R 5 = 0 , then Hqni hloN 2 ^ The plot 
below shows the notch for different Q's In mode 1c. 


Figure 9: Mode 1c Notch when R 5 = 0 


A 


0 dB 
-20 dB 
-30 dB 


-60 dB 


Q = 


f 


5.3 Highpass 

For a highpass filter the zeros must be less than the 
center frequency for the poles. The pole/zero plot and 
the frequency plot are shown below. 


jw 



To realize the notch using the Flexible Building Block the 
zeros must be placed on the jca axis at the same resonant 

R 3 Ri 8 

frequency as the poles. Therefore from equation 6 , — = -— 

Ri Ri7 

and Rig ^ 00 , Setting Rig equal to infinity means removing 
it from the circuit; which ^ayes an op amp and a few 
resistors. FIobp still must equal one> however the gain at 
DC and fcLK/2 is independent of Q; Hqni (f 0 ) = Hon2 
(f ^ fcLK/2) - ~Rio/Ri 7 . Tuning Rig adjusts the depth of 
the notch. See figure 34 in the data sheet for an example. 
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5.5 Allpass Equalizer 

An allpass filter is used to linearize the filter's phase 
response. A linear phase response results in a constant 
group delay. An allpass filter keeps the gain constant and 
just shifts the phase. To keep the gain constant and only 
shift the phase, the poles and zeros must be equal but on 
opposite sides of the s-plane as shown below. 



ioj 

^- 

1 

f 

— Q 

1 

1 

1 

I 

1 a 

X--- 

---0 


S-plane representation of 
2nd order Allpass Filter 


The Flexible Building Block can function as an allpass 


when R 


19 ■ 


oo and 


R 17 R 3 

RifiRi 


= 2. The Transfer function for 


the allpass is: 


Vo 

V|N 


/Rio 
\ Ri7 


2 R 2 

S'^ -- CJiS ■ 

\_g 3 . J _ 


R 2 


Re 

R5 + Re 
Re 

R5 Re 






( 8 ) 


5.6 Frequency Compensation 

In some cases it is possible to improve the Q accuracy 
and minimize Q deviation by adding a capacitor (C 5 ) in 
parallel with R 5 in figure 7. This capacitor serves as 
compensation for a pole at around 2.4 MHz in the output 
of LP. The zero location should be placed at around 2.4 
MHz, where the internal pole is. Unfortunately C 5 adds a 
pole as well as a zero to this branch. If this pole Is too 
close to the zero, the benefit of C 5 is diminished. The 
zero location is: fz = VIttRsC^ and the pole location is: fp 
= 1/277-(R5 II RejCs, (R 5 II Rs is the parallel equivalent 
resistance). The larger the ratio of the pole frequency to 
the zero frequency, the better this capacitor will serve. 

The highest center frequency attained is when R 5 equals 
zero. (Note: Practically speaking R 5 should never be zero, 
to allow fine tuning of fo.) Unfortunately C 5 cannot 
properly compensate the 2.4 MHz internal pole with a 
negligible value for R 5 . To overcome this problem, 
compensation can be achieved at high frequencies using 
an op amp In the LP feedback branch as shown in 
figure 10 . 

The center frequency in mode 1c is calculated by the 
following equation: 

fcLK 50 

—— = —~ where k = Transfer function 
fo x/k 


With a passive feedback loop using R 5 and Rg, k = —-~. 

R5 + Re 

However when using the op amp configuration as in 

figure 10, k = (——] fl +—). When k = 1 the ratio is 50. 
' R5 + Rg / ' R7 / 

Using active feedback in mode 1c has the unique 
advantage of allowing the ratio of clock to center 
frequency to be less than 50 by setting k greater than 1. 

It is not recommended to use ratios less than 40-50, 
however this feature does allow more freedom in tuning 
the center frequency of the pole above or below the 
ratio of 50. If the circuit uses a crystal for fcLK> ^nd the 
pole needs to be tuned, Rg could be a potentiometer to 
allow tuning of the pole. For this compensation to work 


should be 4-9 to provide phase lead before phase lag. 
R 7 


Figure 10: Compensation Using Active Feedback for High 
Frequency Poles 



C 5 = 33-66pF (Depends on board's parasitics) 

Rg = 18000; R7 = 200 
Rg = 1000 , R5 = 9000 

Using mode 1 instead of mode 1c as configured in figure 
7, is a better solution for high frequency poles; however 
there are certain cases where mode 1 cannot be used. For 
example, if one of the two bi-quads in the ML2111 is 
already used in mode 1 c, then the other one must also 
operate In mode 1c. It would be less expensive to add an 
op amp to the second bi-quad of an existing ML2111 than 
to add an additional ML2111 just to use one bi-quad 
operating in mode 1 . 

Figure 11a shows the Q accuracy vs. clock frequency in 
mode 1c using passive feedback for a Q approximately 
equal to 10. Q inaccuracy dramatically increases just 
beyond 100 KHz center frequency. Figure 11b shows Q 
accuracy vs. center frequency in mode 1 c using active 
feedback with a DC transfer function of 1. The op amp 
used for this measurement was an AD5539, where 
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— = — =9. This op amp is a good choice because it has 
•^7 1^6 

a wide bandwidth, 220 MHz, and is low cost. The figure 
shows that Q deviation does not dramatically increase 
until well beyond 120 KHz; therefore for higher 
frequency operation and high Q, the use of mode 1c 
with active feedback is recommended. 

Figure 11a: Mode Ic with Passive Feedback 



0.0 .6 1.2 1.8 2.4 3.0 3.6 4.2 4.8 5.4 6.0 

fcLK (MHz) 


6.0 Design Methodology for Complex Filters 

The previous section described how to use the Flexible 
Building Block to implement lowpass, highpass, notch, 
and allpass second order sections. Higher order filters are 
achieved by cascading these second order sections. For 
example an Elliptical notch is accomplished by cascading 
lowpass and highpass sections as shown in figure 12. 

An Elliptical bandpass Is also a combination of highpass 
and lowpass sections, except for a bandpass filter the 
cutoff frequency for the highpass bi-quads are lower than 
the cutoff frequency for the lowpass. 

Figure 12: Fourth Order Elliptic Notch 



R3 

= 10; R5 = 0; Ri = R3 = 20K 

Figure 11b: Mode 1c with Active Feedback 


Q ERROR vs CLOCK FREQUENCY 



R 

C5 = 33pF; = 10; R5 = 0; Ri = R3 = 20K 


Once the pole and zero location have been determined 
for the filter desired, the next step is to choose the 
proper mode of operation and translate the center 
frequency and Q values for each pole and zero into 
resistor values. If the pole and zero locations are given in 
real and imaginary values, they can be converted to fo 
and Q by using equation 7. 

For center frequencies between 0 and 20 KHz, either 
mode 3 or mode 1c can be used. Sometimes mode 3 or 
mode 3a will result in a lower component count. 

However mode 3 should be used with caution since high 
Qs and high parasitic capacitance on pin 4 and 17 can 
lead to oscillations. This can usually be compensated by 
using a capacitor across R4, which provides some phase 
lead, and low value resistors such as 1-2 Kohms. 

For center frequencies between 20 to 100 KHz, where 
each pole has a different center frequency, mode 1c 
should be used. This range can be extended up to 
120 KHz with active compensation In the LP feedback 
path as shown in figure 11b. The combination of high Qs 
(20 to 30), and high frequencies (above 80 to 100 KHz), 
and parasitic capacitance across Rg, can lead to 
oscillations. This can be dealt with by placing a capacitor 
C5 across R5, or by using active compensation. 
Additionally the signal swing should be limited to about 1 
to 1.4 volts peak-to-peak. 
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For filters where fo is the same for all pole locations, such 
as Butterworth, Lowpass or Highpass. High order filters 
with cutoff frequencies up to 150 KHz can be realized 
using mode 1. In this case the signal level can be 
increased to 2.82 volts peak-to-peak. 


7.0 Design Example 

The following is an example an eighth order Elliptic 
bandpass filter with a center frequency of 90 KHz and a 
bandwidth of 19 KHz. This filter was designed built and 
tested on its own printed circuit board. A print of the 
masks for the PCB, and a photograph of the performance 
of the filter Is included at the end of this section. 

In general, high Q filters (Elliptic and Chebyshev) will 
have higher sensitivity to component and temperature 
variations and higher noise than low Q filters sUch as 
Butterworth and Bessel. 

a) 8 th Order Elliptic Bandpass with the following Filter 
characteristics: 


Amax: 0.5 dB (peak to peak passband ripple) 
Amin > 50 dB (stopband attenuation) 

(fi, f 2 ) Passband: 81,000 to 100,000 Hz 

(geometrically symmetric) => fc^ = fq x f 2 

(fc) Center: 90,000 Hz 
Stopband: 70.5 KHz to 115 KHz 
b) Obtain: 

Qt = 30.2 
Q2 = 10.86 
Q3 = 10.86 
Q 4 = 30.2 


c) After considering a few pole-zero pairing 

combinations the following (not necessarily optimum) 
combination was adopted. 


Poles ' 


foi = 80839 Hz 
fo 2 = 85820 Hz 
fo 3 = 94383 Hz 
fo 4 = 100200 Hz 


Zeros < 


fza = 69185 Hz 
fzb = 50082 Hz 
f^c = 117080 Hz 
fzd = 161733 Hz 


Section 1 Section 2 Section 3 Section 4 
HP LP HP LP 



Gt = .1231 G 2 = .488 G 3 = .2474 G 4 = .121 


d) Choose fcLK = highest fo = 100200 

@ 50:1 => 50fo = 5.01 MHz. Choose ~ 10% higher 
fcLK “ 5.5 MHz. It's better to choose a slightly larger 
fcLK to be able to adjust R 5 . 


e) Design Procedure. 

Section 1. *) Want a ratio = 68 = 


80839 Hz 


Mode 1c Rt = 50 X 


Assume R 5 + Re = 1000 O 

. R5 1000 

then 1 +—=-=1.8516 

1^6 

=> Re = 5400 (fixed R) 

=> [R 5 = Re (1-8516 - 1) 


R5 R5 

— => 1 +—= 1.8516 

Re Re 


- 460 O] [1000 O trim pot] 


*) Want Q = 30.2 use following approximation: 


R 2 


Q 



1 + Q(Vfx) 


(Note) 

; where fx = 2.4 MHz 

(internal pole) 


= 20.4 => assume R 2 = 2000 O 
and R 3 40.7 KO (100 K trim pot) 
and initially assume R^ = R 3 = 40.7 KO 


*) Zero. Use the following approximation, 
f^a = 69185 Hz 

Ri7^ 1 - 1 - (69185/80839)^ _ 

Ri 9 ~ 1/20 x 1.8516 

Ri \ Re' 

Since R^g loads the LP output then assume R^g > 50000. 
Also since later we will fine tune the gains this 
relationship will slightly change. Thus, initially assume 
a higher R-]j which can be change later if needed. 

Choose Ri 7 = 30 KO (fixed R) 
and R-]g ^ 10 KO (20 KO trim pot) 
choose R ^8 = Ri 7 (initially) 

and Rio = R 17 x Gq = 30K x .123 = 3690 O (fixed R) 

(Note; This is a first order approximation that underestimates 
the value of Q, whose final value will be tuned in later in the 
breadboard stage.) 

f) 1. By looking at the bandpass output adjust R 5 until 
the peak frequency is fg, in this case 80839 Hz 

2. Then adjust R 3 until Q = 30.2 

3. Then change Ri until the peak of the bandpass or 
lowpass output (larger of the two) is about 0 dB. 

Ri does not need to be a trim pot. 


Note: Gj are the high frequency gains. (= R-jq/Ri/) 

Because of difficulty in solving equations first order 
equation were calculated and final values found by 
using potentiometer. 


4. Now by looking at the output of the section adjust 
Ri 9 to place the zero at the correct frequency (in 
this case 69185 Hz) 
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5. Adjust Rqs to obtain a deeper notch. Sometimes 

is not needed cit all and can be removed from 
the circuit. 

6 . Check the high frequency gain so that it is 
Gi = .1231 

7. Design the rest of the sections the same way 

8 . Keep Rio of first section as a trim pot to slightly 
trim gain of the whole filter (if important in the 
application). 

For this design these are the final values: 

Section 1. 

Ri = 94.5KO Rio = 3.83 KQ 

R 2 = 2 KQ Ri 7 = 32.4 KQ 

R 3 = 66.2 KQ (100 K pot) Rig = 15 KQ“ 

R 5 = 452 Q (1 KQ pot) Ri 9 = 4.65 KQ 


Re = 540 Q 

Hlp peak = '1.1512 (+ 1.22 dB) 

Hbp peak = .846 (-1.45 dB) 

Section 2. 


Ri = 65 KQ 

R 2 = 2 KQ 

R 3 = 47.4 KQ (100 K pot) 
R 5 = 170 Q (500 Q pot) 

Re = 830 Q 

Rio = 14.34 KQ 

Ri 7 = 28.7 KQ 

Rig = 00 

Ri 9 = 2.9 KQ 

Hlp PEAK = 1.12 (+.984 dB) 

Hbp peak = .972 (-.247 dB) 

Section 3. 


Ri = 31.5 KQ 

R 2 = 2 KQ 

R 3 = 23.3 KQ (50 K pot) 
R 5 = 389 Q (1 KQ pot) 

Re = 600 Q 

Rio = 9.05 KQ 

Ri 7 = 40 KQ 

Ri 8 = 16.86 KQ 

Ri 9 = 6.35 KQ 

Hlp peak = 1.074 (+.62 dB) 

Hbp peak = .834 (-1.58 dB) 

Section 4. 


Ri = 25 KQ 

R 2 = 2000 Q 

R 3 = 21.4 KQ (50 K pot) 
R 5 = 279 Q (500 Q pot) 

Re = 732 Q 

Rio = 12 KQ 

Ri 7 = 99.97 KQ 

Ri 8 = °° 

Ri9 = 6 KQ 

Hlp peak = 1.12 (+.924 dB) 

Hbp peak - .953 (-.418 dB) 

Note: All R's are 1% metal fil 
Trim pots are 25 turns. 

m 1/4W 

1/2W 

When placing resistors In and out of the ML2111 filter 
circuit, specifically R 3 , the filter will oscillate at fo due to 
the Q going to infinity. Also when designing high 
frequency high Q filters, such as fo = 100 KHz and Q = 30 


like pole #4, high voltage swings may cause nonlinear 
operation provoking oscillations. Changing f^LK 
momentarily to a much lower value will restore the filter 
to a stable linear operation. Thus it is important for high 
frequency, high Q filters to limit the Input signal swing to 
about 500-700 mV peak. 


7.1 Performance Measurements^ Schematics 
and PCB Layout 

Figure 13: Frequency Response of Eighth Order 
Elliptic Filter. 


PET level ^01V MARKEP 90 . eMHx 

le.eeeaa le.eM^s mag(a/p) -0.574de 



center 9* 000.000HX SPAN 178 000.0e0Mx 

AMPTD 501 .19ft>V 


The center frequency is at 90 KHz with the lower cutoff 
at 81 KHz and the upper cutoff at 100 KHz. The stopband 
is down -55 dB at 70.5 KHz and 115 KHz. 

Figure 14: Passband of Filter Showing 0.5 dB Ripple. 


PCF level /OIV marker 90 000.000HX 

1.000C4B 0.500^8 MAG(A/R) 



I 1 1 . i ; 

CENTER 90 000.000MX SPAN 25 000.000Hx 

AMPTD 501.1 91. V 
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Figure 15: Group Delay. 


Figure 16: Power Spectral Density of the Noise 



NOISE SPECTRAL DENSITY 



FREQUENCY (Hz) 


A constant group delay can be achieved by adding allpass 
equalizer sections to this filter. 


This plot shows that the pole/zero pairing and order of 
the bi-quad sections chosen was not optimum as far as 
noise is concerned. The plot shows that the upper band 
edge of noise is higher than the lower band edge. A 
different combination of pole/zero pairing and order 
pairing would have yielded a flatter noise response and 
possibly a lower noise value; which would have then 
improved the S/N ratio. The current design yields S/N of 
about 40 dB assuming a noise bandwidth from 1 KHz to 
179 KHz. Input voltage = 353 mV^ms^ output noise voltage 
— 3.14 mVj^pns. 
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Figure 18a: PCB Layout Component Side 
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ML2111 Application Board Parts List 


Part # 

Value 

Note 

Resistors (Continued) 

R210B 

12 KO 


RZIIB 

5 KO 


R212B 

5 Kn 


R214B 

2.5 KO 


R21B 

25 KO 


R22B 

2 KO 


R23B 

21.4 KO 

50 KQ Pot 

R25B 

279 0 

500 Q Pot** 

R26B 

732 0 


R27B 

100 KO 


R28B 

OPEN 


R29B 

6 KO 

100 K Pot* 

Capacitors 

C15A 

OPEN 


C25A 

OPEN 


C15B 

OPEN 


C25B 

OPEN 


Cl 

100 //F 

bypass 

C3 

100 fjf 

bypass 

C4 

0.1 //F 

bypass 

C5 

0.1//F 

bypass 

C6 

0.1//F 

U1 bypass 

C7 

0.01 //F 

U1 bypass 

C8 

0.1 yUF 

U1 bypass 

C9 

o.m aiF 

U1 bypass 

CIO 

OPEN 

U2 bypass 

C12 

OPEN 

U2 bypass 

C13 

OPEN 

U2 bypass 

C14 

OPEN 

U2 bypass 

C16 

0.1 //F 

U3 bypass 

C17 

0.01 yUF 

U3 bypass 

C18 

0.1 yuF 

U3 bypass 

C19 

0.01 yuF 

U3 bypass 

C20 

0.1 aiF 

U4 bypass 

C21 

0.01 //F 

U4 bypass 

C22 

0.1 a/F 

U4 bypass 

C23 

0.01 //F 

U4 bypass 

C24 

0.1 yUF 

U5 bypass 

C26 

0.01 fj? 

U5 bypass 

C27 

0.1 yUF 

U5 bypass 

C28 

o.m u? 

U5 bypass 

C29 

0.1 yUF 

U6 bypass 

C30 

0.01 a(F 

U6 bypass 

C31 

0.1 //F 

U6 bypass 

C32 

0.01 fjJF 

U6 bypass 

-C33 

OPEN 

U7 bypass 

C34 

OPEN 

U7 bypass 

C35 

OPEN 

U7 bypass 

C36 

OPEN 

U7 bypass 

C37 

0 .1//F 

U8 bypass 

C38 

0.01//F 

U8 bypass 


Part # 

Value 

Note 

Resistors 

R1A 

1 KQ 


R2A 

500 n 


R3A 

1 KQ 


R4A 

1 KO 


R5A 

soon 


R6A 

1 KQ 


R11A 

94.5 KQ 


R12A 

2 KQ 


R13A 

6&2 KQ 

100 KQ Pot 

R15A 

452 Q 

1 KQ Pot ** 

RIGA 

540 Q 


R17A 

32.4 KQ 


R18A 

15 KO 


R19A 

4.65 KQ 

10 KQ Pot* 

R110A 

3.83 KQ 

10 KQ Pot* 

R111A 

OPEN 


R112A 

OPEN 

■ ' 

R114A 

OPEN 


RAA 

100 Q 


RAB 

100 Q 


R210A 

14.3 KQ 


R211A 

5 KQ 


R212A 

5 KQ 


R214A 

2.5 KQ 


R21A 

65 KQ 


R22A 

2 KQ 


R23A 

47.4 KQ 

100 KQ Pot 

R25A 

170 Q 

500 Q Pot** 

R26A 

830 Q 


R27A 

28.7 KQ 


R28A 

OPEN 


R29A 

2.9 KQ 

10 KQ Pot* 

RIB 

1 KQ 


R2B 

500 Q 


R3B 

1 KQ 


R4B 

1 KQ 


R5B 

500 Q 


R6B 

1 KQ 


R110B 

9.05 KQ / 


R111B 

OPEN 


R112B 

OPEN 


R114B 

Open 


R11B 

31.5 KQ 


R12B 

2KQ 


R13B 

23:3 KQ 

50 KQ Pot 

R15B 

389 Q 

1 KQ Pot** 

R16B 

600 Q 


R17B 

40 KQ 


R18B 

16.86 KQ 


R19B 

6.35 KQ 

50 KQ Pot* 
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ML2111 Application Board Parts List (Continued) 


Part# 

Value 

Note 

ICs 

U1 

ML2111CCP 


U2 

OPEN 


U3 

LM318H 


U4 

LM318H 


U5 

LM318H 


U6 

ML2111CCP 


U7 

OPEN 


U8 

LM318H 


U9 

LM318H 


U10 

LM318H 


Miscellaneous I 

20 

scope probe sockets 

3 

BNC connectors 


3 

female banana plugs 

2 

20 pin low profile sockets 


Part # 

Value 

Note 

Capacitors (Continued) 

C39 

0.1 /uF 

U8 bypass 

C40 

0.01 ywF 

U8 bypass 

C41 

0.1 //F 

U9 bypass 

C42 

0.01 AtF 

U9 bypass 

C43 

0.1 /uF 

U9 bypass 

C44 

0.01 //F 

U9 bypass 

C45 

0.1 AfF 

U10 bypass 

C46 

0.01 AtF 

U10 bypass 

C47 

0.1 //F 

U10 bypass 

C48 

0.01 

U10 bypass 

Jumpers 

J1A 

IN 


j2A 

OUT 


JIB 

IN 


j2B 

OUT 



* Gain and zero frequency adjustment. May not be needed if application can tolerate slight variations in stop band. 
** R5 - In most cases R5 can be replaced by a 1% resistor after trimming has been done. 
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Appendix A. Flexible Building Block Summary 


N 

,sia < 


LP 

[3(18) 

5(16) 

’2(19) ‘ 

^1(20) Ri2 


<- 




R,, 1 


0 ~ 

/>^ 

i- 




'" 

1^ 




100(50) V R 5 + Re 


:h. / ^6 

R 2 V R 5 + Re 


“ V RiRiiRi 9 ' Re 


5 l 0 \ L ^ R 2 Ri 2 Ri 7 L ^ R5 

Ri 7 / ' R-iR-j-iR-^g ' Re 


hpass — 



100(50) V R 5 + Re ' 

""MSS' 


R 2 V R 5 + Re 


1 ; Hqhp - - ■ 

Kfi I i 
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Appendix B. Derivation of Flexible Building Block Transfer Function 


Ro R? 

Vn = V|N Vbp 

Kt K 3 


Vbp - 




COl 


Vlp - 
s Vbp 


Vbp oi-] 


_ V ^, ^6 Vbp 

Ri R3 R5 + Re S 


. s R? 
Vbp —+ + 


<6 _ 


^3 *^5 1^6 S 

R 2 


Ri 


V|N 


Vbp . 
V,n' 


•^3 


SCJt 


R 2 


+ — sa>i + 

R 3 R 5 + Rb 


^6 _ 2 


V - *^10 \/ *^10 \/ 4 . ‘^12 Rio ., 

Vo - - ^ V|N - — Vbp + — ^ Vlp 

K-17 Ki 8 K-ii K39 


Vo = -^V,N-^(-^ 

Ri 7 Rie' Ri 


S<^1 V|N 


2 R 2 

s 2 + — sCJ-i + 

R 3 


^6 _ 2 


R 5 + Re 



Vo^ 


Rio 

Ri7 


R 3 


sa>i 


Re 9 R10R2R17 . R12R2R17 9 

- COi^ - - SCJ-i + - CJ-1^ 

* D D D * D D D • 


R 5 Re 


RibRiRio 


Ri-]R-]R^9 


9 R 2 

+- 5 - 5^1 + 

R 3 


^6 _ 2 

- CO^^ 


R5 + Re 


Vo . 
V|n‘ 


Rio 

Ri7 


1 *^10 ^ 

R 10 R 3 

Rio 1 . f 

' Ri7 ) 

■RisRi 

R~ S6>1 + 
Ki7 


[ RiR'IiRi 9 ' Rfi ' J Ri^ 


^6 _ 2 

Re / J R5 + Re ^ 


+ — S6>-] +-^ 

R 3 R 5 + Re 


Vo . 
Vin' 


Rio 

■Ri7 




Ri 7 R3 1 ^ , f- , R2R12R17 /i R5 \l Re 9 

--SCJi + 1 + - 1 + - COi^ 

Ri 8 Ri R1R11R19 Re ' R5 ■*■ Re 


9 R 2 

s 2 +—swi 


Re_ 2 

Rj'"' Rs + Re'^’ 
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ML2200, ML2208 Software Driver 


1.0 Introduction 

This application note presents a very simple software 
driver for the ML22(X)/ML2208 Data Acquisition 
Peripheral. As mentioned in the data sheet, under 
section 6.0 "Methods of Data Transfer to the 
Microprocessor'' there are several ways to handle the 
A/D converted data output from the ML2200/ML2208; 

1) Data on Demand, 2) Polling; 3) Interrupt, or 4) DMA. 
This application note presents a driver for Data on 
Demand. 

An application using Data on Demand requires the 
A/D converted data at arbitrary times, as opposed to 
the other three methods of data transfer which 
requires the microprocessor to periodically read the 
data. The ML2200/ML2208 operating in a Data on 
Demand mode is not running continuously. Data on 
Demand would be more characteristic of a data 


acquisition application rather than a signal processing 
application which would need to sample a signal 
periodically in order to be able to reconstruct it. 

The driver is written in pseudo code, which is no 
particular language but should be easily translatable to 
any computer language. It is a step-by-step process of 
reading and writing values to ML2200/ML2208 registers. 

Four modules are covered: Initialization, Activate 
Conversion and Read Data, Self Test Diagnostic, Self 
Calibration Diagnostic, Power Down and Power Up 
Modules. Initialization covers power-up procedures 
and optionally may call Self Test and Self Calibration 
Diagnostic modules. Activate Conversion is the steady 
state module that is called each time the A/D data Is 
desired. Power Down and Power Up are used only if 
this capability is desired. 


Initialization Mode (Power-On initialization) 

1) Power on 

2) Write (40H) to Control Register 

3) Write (80H) to Control Register 

4) Wait 16,520 external clocks 

5) Read Status Register 

6 ) Is CLCP = 1, Yes: continue. No: go back to step 5 

7) Write (40H) to Interrupt Acknowledge Register 
-) Call (Self Calibration Diagnostic Module) 


8 ) Write (88H) 

9) Write (08H) 

10) Write (26H) 

11) Write (01H) 

12) Write (26H) 

13) Write (02H) 

14) Write (26H) 

15) Write (03H) 

16) Write (26H) 

17) Write (04H) 

18) Write (26H) 

19) Write (05H) 

20) Write (26H) 

21) Write (06H) 

22) Write (26H) 

23) Write (87H) 

24) Write (26H) 


to Index Register 
Window High Reg 
Window Low Reg 
Window High Reg 
Window Low Reg 
Window High Reg 
Window Low Reg 
Window High Reg 
Window Low Reg 
Window High Reg 
Window Low Reg 
Window High Reg 
Window Low Reg 
Window High Reg 
Window Low Reg 
Window High Reg 
Window Low Reg 


; Reset 

; Set Calibration 


; CLCPAK 
; OPTIONAL 

; Use Program shown on last page figure 1 

; Point to first 
; instruction RAM use 
; auto Increment 
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25) Write (OAH) to Control Reg 


26) Write (OBH) to Control Reg 

27) Call (Self Test Diagnostic Module) 


; set MSTR bit so 
; that pulse goes out 
; each conversion and 
; put in DMA mode to 
; facilitate reading 
; data. 

; Set Run bit 
; OPTIONAL 

; end of initialization module. 


Activate Conversion and Read Data Module 

(Called each time A/D converted data is desired) 

1) Read status register 

2) Is ISQ = 1? Yes; continue, No: go back to step 1 

3) Write (10H) to Interrupt Acknowledge Reg 

4) Wait (8 X 31.4 //s = 251.2 jjs) 

5) Read status register 

6 ) DBR = 1? Yes: continue; No: go back to step 5 

7) Read Window Low Register save as High B^e 
Read Window Low Register save as Low Byte 

8 ) Go back to step 7 seven more times 

9) Return 


; acknowledge ISQ 


; DMA mode allows 
; yuP to read High and 
; Low bytes at same 
; address 


Self Test Diagnostic Module 

(Assumes the program in figure 1 Is already loaded In the Instruction RAM as performed in the initialization module. 
When the SLFT bit is set, the diagnostic program is the same one as shown on page 22 of the data sheet. This 


module sets the SLFT bit, starts a conversion, then checks the data for 

the results.) 

1 ) 

Read Control Register 


2 ) 

Or (20H) 

Set SLFTST in 


; 

Control Register 

3) 

And (7FH) 

don't set CAL bit 

4) 

Write back into control register 


5) 

Call (ACTIVATE CONVERSION AND READ DATA MODULE) 


6 ) 

Check selftest data ; 

Data 0 = 0 


; 

Data 1 = +1 


; 

Data 2 = -1 


(Note; these values may not be exact due to the potential noise in the system) 

Data 3 = 0 

7) 

Read Control Register 


8 ) 

And (5FH) 

clear SLFT bit 

9) 

Write back into control register 


10 ) 

Return 
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Self Calibration Diagnostic Module 

(This can be used to verify that the part is properly calibrated. It should be called between steps 7 and 8 in the 
initialization module. This test is not necessary since each production part is fully tested before it is shipped.) 


1) Write (08H) to Index Register 

2) Write ( 88 H) to Window High Register 

3) Write (60H) to Window Low Register 

4) Write (01H) to Control Register 

5) Read Status Register 

6 ) Is ISQ = 1? Yes: continue, No: go back to step 5 

7) Write (10H) to Interrupt Acknowledge Register 

8 ) Read Status Register 

9) Is DBR = 1? Yes: continue, No: go back to step 8 

10) Write (OOH) to Index Register 

11) Read Window Low Register 

12) Is Data = OFFH? Yes: Failed Calibration, No: continue 

13) Write (OOH) to Control Register 

14) Return 


; Point to the first 
; Instruction 
; Load with RDCAL 
; Set RUN bit 
; Wait for ISQ 

; Start Program 

; Wait for Data 
; Point to Data 


; Take out of Run Mode 


Power Down Module 

1) Read Control Register ; Clear the Run Bit 

2) And with (7EH) 

3) Write Control Register 

4) Read Status Register and Process any conditions 

5) Write (OFFH) to Interrupt Acknowledge Register ; Clear all Interrupt 

6 ) POWER DOWN (PDN pin goes low) ; Conditions 

7) Return 


Power Up Module (Coming from a Power Down State) 

1) POWER UP (PDN pin goes high) 

2) Wait (10 msec) 

3) Read Control Register ; Set the Run Bit 

4) Or with (01H) 

5) And with (7FH) 

6 ) Write to Control Register 

7) Return 



Last 

ALRMEN 

Mode 

CHAN 

Cycle 

Gain 

REF 

SEQO 

0 

0 

Intra Sequence 
Pause 

CHO 

13 

1 

Internal 

SEQ1 

0 

0 

Immed Execute 

CHI 

13 

1 

Internal 

SEQ2 

0 

0 

Immed Execute 

CH2 

13 

1 

Internal 

SEQ3 

0 

0 

Immed Execute 

CH3 

13 

1 

Internal 

SEQ4 

0 

0 

Immed Execute 

CH4 

13 

1 

Internal 

SEQ5 

0 

0 

Immed Execute 

CHS 

13 

1 

Internal 

SEQ6 

0 

0 

Immed Execute 

CH6 

13 

1 

Internal 

SEQ7 

1 

0 

Immed Execute 

CH7 

13 

1 

Internal 


Figure 1. ML2208 Program Used in Driver 
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PRIMARY 


SECONDARY 



ADDRESS 

BIT 7 BIT6 BITS 

BIT 4 BIT 3 BIT 2 

BIT1 

BITO 

READ/WRITE 

1 000 

I 

D7 1 D6 1 D5 1 

D4 1 D3 1 D2 1 

D1 1 

DO 1 





WINDOW LOW REGISTER 



READ/WRITE 

1 001 

I 

D15 1 D14 1 D13 1 

D12 1 Dll 1 DIO 1 

D9 1 

D8 1 





WINDOW HIGH REGISTER 



READ/WRITE 

1 010 

I 

AUTOI 1 ** 1 ** 1 

RS4 1 RS3 1 RS2 | 

RSI 1 

RSO 1 





INDEX REGISTER 



READ/WRITE 

1 011 

I 

CAL 1 RESET j SLFTST j 

TCLK 1 DMA 1 LOBYT | 

MSTR 1 

RUN 1 





CONTROL REGISTER 



READONLY 

[ 100 

I 

INT 1 CLCP 1 RNER [ 

ISQ 1 OVRN 1 ALRM | 

OVRG 1 

DBR 1 





STATUS REGISTER 



WRITE ONLY 

1 100 

I 

* [CLCPAK IrNERAkI 

ISQAK 10VRNAk1aLRMAk10VRGAK| 

dbrak| 




INTERRUPT ACKNOWLEDGE REGISTER 


READONLY 

1 

I 

•' 1 ' 1 ' 1 

1 1 1 1 SR2 1 

SRI 1 

SRO 1 

A2, A1, AO 


SEQUENCE REGISTER 




If 

ADDRESS 

* Writing this bit has no effect n r 

* * Write a zero to these bits V 

read back ones DATA 




INDEX 

REGISTER 

VALUE 

(RS4-RS0) UPPER BYTE LOWER BYTE 


I 


00000 


01000 


D15 D8 

D7 DO 
















I DATA RAM 

> 8 X 16 A/D DATA (READ) 
I 16-BIT CAL (WRITE) 


INSTRUCTION RAM 

8 X16 OPERATION REGISTERS 


10000 I I I 16-BIT TIMER VALUE 


10001 I I I 16-BlT ALARM A VALUE 

10010 I I I 16-BIT ALARM B VALUE 

_,_, U PPE R BYTE 

, 10011 I_1_I 8-BIT INTERRUPT ENABLE 

LOWER BYTE 
8-BIT ALARM CRITERIA 


Figure 2. ML2200/ML2208 Registers 


15 

14 

13 

12 

11 

10 

9 

8 

7 

6 

5 

4 

3 

2 

1 

0 

LAST 

AIRMEN 

MDE2 

i 

MDE1 

MDEO 

CH2 

CHI 

CHO 

SC2 

SCI 

SCO 

GN1 

GNO 

! 

REF2 

_1 

REFl 

REFO 


MODE SELECT 

INPUT CHANNEL SELECT 

CYCLE SELECT 

GAIN SELECT 

REFERENCE SELECT 

000=IMEDIATE EXECUTE 

000 = CHANNEL 0 

000 = 16 BITS 

00 = 1 

000 = CHANNEL 0 

001 = INTRA SEQUENCE PAUSE 

001 = CHANNEL 1 

001 = 13 BITS 

01 = 2 

001 = CHANNEL 1 

010 = START ON NEXT TIMEOUT 

010 = CHANNEL 2 

010 = 8 BITS 

10 = 4 

010 = CHANNEL 2 

oil = PRESET TIMER/START ON 

011 = CHANNEL 3 

oil = READ CAL CODE 

11 = 8 

011 = CHANNEL 3 

TIMEOUT 

100 = CHANNEL 4 

111 = WRITE CAL CODE 


100 = CHANNEL 4 

100= EXTERNAL SYNC/TIMER 

101 = CHANNEL 5 



101 = CHANNEL 5 

PRESET/TIMEOUT 

110 = CHANNEL 6 



110 = INTERNAL Vref 

110= ILLEGAL 

111= ILLEGAL 

111 = CHANNEL 7 



111 = ILLEGAL 


Figure 3. ML2208 Bit Map of Instruction RAM 
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Fiberoptics 


Introduction 

Although fiberoptic technology has been around for 
some time, its cost and the lack of standardization has 
hindered its widespread application, until recently. The 
introduction of new integrated circuits developed 
specifically for fiberoptic systems has lowered the 
costs, making fiberoptic links more competitive. 
Applications in Telephony, LANs, WANs, and point to 
point high speed interfaces, have helped make 
fiberoptics one of the fastest growing segments in the 
electronics market. 

Micro Linear's fiberoptic products can be used to 
implement a range of different fiberoptic interfaces. 
Data rates up to 100 Megabaud which are compatible 
with ECL or TTL are achievable using a single 5 volt 
supply. Most of the applications for these products 
require bandwidths above 1MHz, where the quality of 
the interface can be compromised with a poor 
implementation. With this in mind, having a thorough 
understanding of fiberoptics will significantly contribute 
to the success of a circuit design. This application note 
will address the transmit and receive circuits, some 
important PC board layout techniques, and will 
conclude with a sample circuit and board layout. 

Fiberoptics 

Fiberoptic systems have several key advantages over 
their wire equivalents, which account for the continued 
effort to make them practical in more applications. The 
most significant advantage is the low level of attenuation 


seen with high frequency signals. This feature allows a 
higher degree of multiplexing than is achievable using 
wire. This is exactly what is needed for long distance 
telephone lines and computer networks. Other 
attractive features include a lack of RFI radiation and a 
low sensitivity to EMI noise. These characteristics make 
it easier to meet FCC regulations and increase the 
security of data transmissions. 

In a fiberoptic system (figure 1) digital data is coded 
into a serial bit stream represented by bursts of light 
from a laser diode or LED. This light is channeled by 
the fiber to a PIN photodiode at the receiver which is 
sensitive to the frequency of the light transmitted. 
Because light effects the reverse current flow through 
a PIN photodiode, a transimpedance amplifier is 
required to convert this current to a voltage and boost 
the low level signal to something usable. A quantizing 
circuit usually follows because variable fiber lengths 
and conditions will distort the signal. The Quantizer 
squares the signal and conforms to standard interface 
levels (ECL or TTL). 

Fiberoptics is not a perfect interface, though. The 
signal level can be attenuated by insertion loss at the 
transmitter and receiver, connector loss, and 
transmission loss. These losses limit the maximum 
length of the fiber and affect the requirements of the 
transmitter and receiver. In order to accommodate a 
worst case situation, a flux budget should be 
developed so that minimum circuit performance levels 
can be ascertained. 


DATA 

ENCODER 


DIODE 

DRIVER 




n 


,J 


y' 

TRANSMITTER CIRCUITRY 



RECEIVER CIRCUITRY 


Figure 1. 
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Defining a Flux Budget 

10 log (^) = aol + ajc + (Xqr + nacc otm 
0R 

A fltix budget is a mathematical representation of the 
optical power in a fiberoptic system. It accounts for 
connector losses, attenuation due to fiber length, and a 
safety margin defined by the designer. Defining this 
budget is one of the first things that should be done 
when designing a fiberoptic link. 

Each of the terms is defined as follows: 

0T is the flux (/iW) available from the transmitter 
0 R is the flux (//W) required by the receiver 
ao is the fiber attenuation constant (dB/km) 

L is the fiber length (km) 

ajc is the transmitter-to-fiber coupling loss (dB) 

acc is the fiber-to-fiber loss (dB) for in-line connectors 

n is the number of in-line connectors 

OTcR is the fiber-to-receiver coupling loss (dB) 

aM is the safety margin (dB) 

A graphical representation of the flux budget is shown 
in figure 2. Option (a) depicts the use of in-line 
connectors. Option (b) is without them. 



y^ajQ- INSERTION LOSS, TRANSMITTER 

- acR — INSERTION LOSS, RECEIVER 
- acc - in-line CONNECTOR LOSS 

- croL — TRANSMISSION LOSS 
^ flux MARGIN 


I . Q 5 10 15 20 25 30 35 40 45 50 
«TC «CR «CC L — FIBEROPTIC LENGTH - METERS 


Figure 2. 


To keep power consumption at a minimum, the 
appropriate starting point is the minimum acceptable 
signal level at the receiver. This minimum received 
power level, summed with several interface losses gives 
the minimum output power of the LED. If the fiber 
length can vary in a given system then the dynamic 
range of the receiver is important and the maximum 
received power must also be calculated. 

Dynamic Range 

The dynamic range of the receiver must be large 
enough to accommodate all the variables a system may 
present. Figure 3 shows an example dynamic range 
calculation for transmission distances ranging from 10 
meters to 1000 meters with 12.5dB/km cable, and up to 
two in-line connectors. 


«LED “ led output variation = Z.OdB 
cfldc = led driver variation = 2.2dB 
aol = 1km X 12.5dB/km = 12.5dB 

nacc = 2 X 2dB = 4.0dB 

a/v\ = 3.0dB 

Thermal Variations = I.OdB 


Dynamic Range 29.7dB 


Figure 3. 

The Circuit Design 

The combination of low receiver input sensitivity with 
significant dynamic range requires the receiver to have 
two important features: amplitude control and AC 
coupling. 

An offset voltage In the receiver will reduce its 
sensitivity by not allowing low level signals to trigger 
the digital output circuit. The circuit in figure 4 
contains both AC coupling between the 
transimpedance and limiting amplifiers, and a DC 
restoration loop around the limiting amplifiers. These 
two features keep the offset voltage through the 
receiver to an absolute minimum, thus maximizing 
sensitivity. 



Figure 4. 
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In order to handle a wide dynamic range, like 50dB, 
special attention must be given to the receiver circuit 
design. Applying a large input signal to a typical 
amplifier can cause the transistors in the signal path to 
saturate resulting in pulse width distortion and 
reduced bandwidth. Some technique of controlling the 
amplitude must be incorporated in order to protect 
the signal integrity. 

Amplitude control can be achieved with either an AGC 
circuit or with the use of limiting amplifiers. An AGC 
circuit keeps the transistors out of saturation by 
reducing the gain of the circuit as the signal amplitude 
increases. A limiting amplifier simply limits the signal 
amplitude to a point before saturation. This technique 
results in a simpler, higher bandwidth design and so 
was chosen by Micro Linear. 

Data Format 

The data format is important since it affects the 
bandwidth and duty cycle which the interface must 
accomodate. There are many ways to code data in a 
serial format. Some codes allow unlimited consecutive 
symbols while others do not. Those that do not are 
called Run-Length-Limited (RLL) codes. A fiberoptic 
interface which incorporates AC coupling to Increase 
sensitivity can only pass RLL type codes. The particular 
run-length-limited code chosen must be considered 
carefully since it will affect the bandwidth of the 
system. 

Manchester code is popular in AC coupled systems 
because it has a 50% duty cycle and can be encoded 
and decoded with relatively simple circuits. In 
Manchester code two symbols are used for each bit 
transmitted. This doubles the fundamental frequency 
which the interface must handle. A more efficient RLL 
code is 4B5B. This code uses 5 symbols to send 4 bits. 
This represents an increase in efficiency from 50% 
(Manchester) to 80% (4B5B). A fiberoptic interface which 
will transmit 40 Megabits per second using 4B5B coding 
must accomodate 50 Megabaud (symbols per second). 
Since there are always 2 symbols per cycle the 
minimum system bandwidth is 25 Megahertz. If 
Manchester code was used to transmit 40 Megabits per 
second the interface would have to handle 80 
Megabaud or a minium bandwidth of 40 Megahertz. 


This is not desirable for a digital signal. Also, smooth 
rise and fall times will cause Interference between 
adjacent symbols resulting in a distortion of the output 
signal. This is known as intersymbol interference. A 
fiberoptic interface with a higher bandwidth will have 
faster rise and fall times and less intersymbol 
interference. On the other hand, a higher bandwidth 
will increase the noise on the output signal. When you 
combine these two opposing effects with the desire for 
low power and a low BER (Bit Error Rate) (which also 
conflict), an optimum bandwidth can be derived. The 
curve in figure 5 indicates the optimum bandwidth is 
about 50% higher than the minimum bandwidth. 


RECEIVED OPTICAL POWER 
FOR CONSTANT BER 


MINIMUM 
OPTICAL POWER 
FOR SPECIFIC BER 



Figure 5. 


Transmitter Design 

The light source can be either a laser diode or an LED. 
Because a laser diode has such a narrow spectrum of 
radiant light it is called a Single Mode light emitter. 
Multi Mode light emitters radiate a wider spectrum of 
light. LEDs are Multi Mode and as such suffer from a 
higher level of chromatic dispersion, caused by 
different propagation velocities for light of different 
wavelengths. This is the dominant bandwidth limiting 
factor for LED driven fiberoptic links. Light emitting 
diodes have an emission spectrum on the order of 40 
to 60nm full width at half maximum amplitude centered 
at 820nm. On the other hand, LEDs are much cheaper 
than laser diodes and can be modulated in the 100MHz 
range, making them suitable for short to medium 
distance communications such as LANs and point-to- 
point computer interfaces. 


Bandwidth 

From the example just described you can see how the 
code chosen effects the minimum bandwidth of the 
fiberoptic interface to be designed. The optimum 
system bandwidth is actually somewhat higher though 
due to four conflicting concerns: noise, intersymbol 
interference, power, and bit error rate. 

If an interface were designed with a 3dB bandwidth 
equal to the minimum bandwidth as described above, 
level transitions would be smooth, like a sine wave. 


LEDs are current driven devices so a current 
modulation circuit is needed to use the LED as a data 
transmitter. In applications where the data rate is less 
than 10MHz a circuit similar to figure 6 will be 
adequate to drive the LED without a significant amount 
of pulse width distortion. Unfortunately, LEDs do not 
turn on or off linearly nor are their rise and fall times 
equal. For data rates above 10MHz these characteristics 
need to be considered in order to get the best possible 
performance. 
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Vcc 



Figure 6. 

Two techniques which can be used to improve the 
turn-on time of an LED are ''pre-bias" and "drive 
current peaking" Pre-bias is a small forward voltage 
applied to the LED in the "off" state. This voltage 
prevents the junction and parasitic capacitances from 
discharging completely when the LED is in the "off" 
state, thus reducing the amount of charge that the 
driver must transfer to turn the emitter back on. Drive 
current peaking is a momentary increase in LED 
forward current that is provided by the driver during 
the rising and falling edges of the current pulses that 
are used to modulate the emitter. The time constant of 
this peaking circuit needs to be equal to the minority 
carrier lifetime of the emitter so that the rise and fall 
times will be improved without causing excessive 
overshoot of the optical pulses. Figure 7 shows the 
problems which can result from excessive peaking. 



OPTICAL OVERSHOOT DUE TO EXCESSIVE 
PEAKING OF THE LED DRIVE CURRENT 


Figure 7. 

The circuit in figure 8 implements both the pre-bias 
and peaking techniques described above. When the 
DATA signal is low the voltage divider created by Ri 
and R 2 can be set-up so the voltage between R^ and R 2 
is slightly less than the LED turn-on voltage. This pre¬ 
bias voltage prevents the LED capacitance from 
discharging completely which allows the LED to turn 
on faster because less time is required to completely 
charge the junction capacitance. The time to 
completely charge the LED can be reduced further by 
increasing the amount of current flowing in the LED 


duirng turn-on. The capacitor in this circuit has the 
effect of connecting R 3 in parallel with R 2 for a short 
time during level transitions. This momentary condition 
allows additional current to flow through R 3 and the 
LED. By matching the R 3 C time constant to the minority 
carrier lifetime of the LED, peak performance is 
achieved. 


Vcc 



Figure 8. 

LEDs are characteristically harder to turn off than to 
turn on. This phenomenon is commonly refered to as 
the long-tailed response, and is depicted in figure 9 as 
it relates to transmitted optical power. Circuits such as 
the one in figure 6 exhibit this problem because there 
is no low impedance path to dissipate the stored 
charge in the LED when turning off. In order to 
compensate for this an active pull down configuration 
should be used. For the circuit in figure 8 , this can be 
achieved by using an input buffer with a totem pole 
output structure. When the DATA signal is low, the 
lower transistor of the totem pole is active. Acting as a 
current sink, this device provides a low impedance path 
for the charge stored in the LED junction, reducing 
pulse-width distortion and the magnitude of the long 
tail. 



Figure 9. 
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Receiver Design 

For optimum performance the receiver needs to 
combine a wide dynamic range (about 50dB), high 
sensitivity (down to high bandwidth (50MHz) 

and compatibility with standard digital interfaces (ECL 
or TTL). Another feature which is required in some 
fiberoptic systems is a Link Monitor. This circuit 
monitors the input level and sets a flag and/or 
disables the digital output when the input falls below 
a predetermined point. 

The four major functional blocks of a receiver are the 
optical to current conversion, the current to voltage 
conversion, the analog to digital conversion, and the 
Link Monitor. A PIN photodiode and a transimpedance 
amplifier can be used to perform the first two 
functions while the third and fourth require several 
discrete standard devices and a significant amount of 
design effort or one of Micro Linear's Quantizer 
products. 

There are several manufacturers of discrete PIN 
photodiodes and transimpedance amplifiers which are 
suitable for this application. Some of these 
manufacturers offer both functions in a single module 
compatible with fiberoptic connectors. These 
modules, like the Hewlett Packard HFBR-24X6, Isolate 
the most noise sensitive section of the receiver, the 
PIN photodiode to transimpedance amplifier 
connection, and protect it from outside influences. In 
addition, they are relatively low cost, and eliminate 
the need to design the fiberoptic connector hardware. 

The output of these receiver modules is a low level 
analog voltage which is directly proportional to the 
incident optical power. This signal needs to be 
amplified, squared-off, and appropriately level shifted 
(for ECL or TTL outputs). As described earlier, a 
limiting amplifier can be used in this application to 
accomodate a wide input dynamic range while 
maintaining a high bandwidth. 

Building a high speed analog to digital conversion 
circuit which must perform over a wide dynamic range 
with low offsets using off-the-shelf components is 
difficult. Furthermore, a worst case analysis may be 
impossible because some of the parameters critical to a 
fiberoptic receiver design, such as input offset and 
input referred noise are not always included in the 
discrete component specifications. The typical 
bandwidth of these devices may be known but the 
minimum is not always guaranteed, yet this is required 
for a worst case analysis. 

The ML4621 Quantizer 

The ML4621 Quantizer eliminates these problems by 
providing a monolithic solution. This product includes a 
limiting amplifier front end, a comparator output section 
and a Link Monitor. The differential data path between 


the amplifier section and the comparator section is 
available to the user for filtering or wave shaping. In 
addition, both ECL and TTL outputs are available, and 
the Link Monitor peak detector can be controlled with 
an external current source or the value of the peak 
detector capacitor. 


Input Amplifier Section 


The ML4621 has a two stage limiting amplifier with a 
DC restoration feedback loop. Figure 10 shows this 
input circuitry in detail. The two Input coupling 
capacitors C^ and C 2 perform two important functions. 
First they eliminate any offset voltage created by the 
transimpedance amplifier, and in addition they create a 
high pass filter at the Input of the Quantizer. This filter 
establishes the low corner frequency, fL, of the 
Quantizer's 3dB bandwidth. 




1 

iTT 8000 C 


(C = Ci = C 2 ) (1) 


8000 represents the parallel combination of the DC bias 
setting resistors 10K and 35K. Using a 0.1/uF capacitor for 
Ci and C 2 establishes a corner frequency at about 
200Hz. C 4 and C 5 control the high corner frequency, 
fH. 


fH = 


1 

In 425 C 


(C = C 4 = C 5 ) (2) 


425 represents the internal impedance at nodes CF1 
and CF2. Using a 20pF capacitor for C 4 and C 5 
establishes a corner frequency at about 19MHz. If CF1 
and CF2 are left open the high corner frequency will 
be >50MHz for the ML4621. Equation 2 applies when 
2 capacitors are tied between CF1 and CF2 to the 
ground. If one capacitor is used between CF1 and CF2, 
the value derived for C should be divided by two. 

The bandwidth of the receiver, as defined by fn - ft, 
can be adjusted to the particular needs of different 
systems. The high pass filter not only eliminates DC 
offsets but also reduces any low frequency power 
supply noise picked-up in the transimpedance amplifier 
and associated traces. The low pass filter reduces high 
frequency noise which directly effects the signal to 
noise ratio and thus the sensitivity of the receiver. Since 
these circuits were designed for maximum bandwidth, 
some band limiting should be used as indicated in 
figure 5 to maximize sensitivity. 

Although the input is AC coupled, the offset voltage 
within the limiting amplifiers will be present at VouT+ 
and Vqut-- This is represented by Vqs in figure 11 . In 
order to reduce this error a DC feedback loop Is 
incorporated. First, the DC component of VouT+ and 
VouT- is developed through an RC filter of 25K and 
lOpF. Then a difference amplifier circuit with a gain of 
10 is used to provide a single ended signal, stored in 
C 3 , which can be fed back into the inverting input 
terminal. This negative feedback loop nulls the offset 
voltage, forcing Vqs to be zero. 
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The limiting amplifiers have a maximum output voltage 
swing of about 700mVp_p. Since the gain of the 
amplifiers is 75, input signals greater 9mV will be 
clipped at about 2.7V and 3.4V Typically this signal is 
connected directly to the comparator inputs. If some 
filtering or wave shaping is desired between the 
amplifier output and the comparator input, the ML4621 
should be used since these nodes are brought out to 
pins. If AC coupling is involved, the DC bias must be 
reestablished between (GND + 2V) and (Vcc - IV). Also, 
the loading on VouT+ and Vqut- should be kept below 
3mA, and be aware that CMP+ and CMP- will sink 
about 25/jA. 

Output Comparator Section 

The ML4621 has both ECL and TTL outputs. If the ECL 
output is to be used, the power to the TTL output 
section can be removed by connecting Vcc TTL and 
GND TTL to Vcc- This will reduce the Vcc supply 
current by 5 to 10mA. The Quantizer can be powered 
by -5.2V (Vcc = OV and GND = -5.2V), which produces 
standard ECL output levels, or +5V (Vcc = ‘‘‘SV and 
GND = OV), providing raised ECL levels. The ECL 
outputs on the ML4621 can source up to 10mA, so a 
2000 load tied to -2V (below Vcc) can be 
accommodated. If a -2V supply is not available, 
connecting the ECL output to GND through a 5100 
resistor, and to Vcc through a 3300 resistor will 
provide the same voltage swing as 2000 tied to -2V 
(see figure 12). 


The output comparator is gate d with the CM P ENABLE 
pin which is active low. When CMP ENABLE is high, 
ECL+ is held high, ECL- is held low, and TTL OUT is 
held high. If the Quantizer is powered by +5V and 
ground then any external TTL compatible signal can be 
used to control this pin. If a -5.2V supply Is used, the 
signal sh ould be appropr iately level shifted. In either 
case, the TTL LINK MON pin can be used to d rive the 
CMP ENABLE pin directly. The TTL LINK MON is an 
output signal from the Minimum Signal Discriminator 
circuit providing the Link Monitor function. 

Link Monitor Section 

The TTL LINK MON and ECL LINK MON pins both 
provide an output signal indicating when the input data 
signal is below a user defined acceptable level. Under 
normal operating conditions this output will be low. 
Indicating the data Is of acceptable am plitude. The 
voltage levels on the TTL LINK MON pin are TTL 
compatible if the power su pply is +5V. With a -5.2V 
supply the ECL LINK MON o utput pin will pr ovide 
single ended ECL levels. The TTL LINK MON pin can 
also be used to drive an LED, providing a visible link 
status indicator. This pin can sink up to 10mA. 

The Minimum Signal Discriminator circuit contains a 
peak detector, a comparator, and output level shift 
circuitry (figure 13). The droop rate of the peak 
detector is: 



MINIMUM SIGNAL DISCRIMINATOR 


■ n 



ECL LINK MON 
m LINK MON 


Figure 13, 
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The peak detector droop rate can be controlled 
adjusting either the value of Q at the Cpeak P>n or Iiset 
at the IsET pin. If Inom's connected to Iset/ Iiset will be 
125yuA. The droop rate for this product can be adjusted 
with G^. The ML4621 has these extra pins, which allows 
the user to set Iiset with an external resistor, Rext/ f'od 
between Iset and Vco Iiset would then be: 


Vcc - 0-7 
Rext 1700 


(4) 


The output of the peak detector is a DC voltage 
proportional to half the peak-to-peak voltage between 
VouT+ and Vqut- I^ this signal is larger than the 
volt age provided by the Threshold Gene rator circuitry 
the TTL LINK MON and ECL LINK MON pins will both 
be low. 

The Threshold Generator level shifts the reference 
voltage at VthADJ through a circuit which has a 
temperature coefficient matching that of the limiting 
amplifiers. This improves the accuracy of the Link 
Monitor over temperature. The relationship between 
VjhADJ and Vjj-i (the minimum voltage at the input 
which will trigger the Link Monitor) is: 

VihADJ = eOOVjH + 0.7 (5) 

In this equation Vjh is the peak value of the input 
signal. The operating range over which these equations 
apply is indicated by the graphs in figure 14. The on- 
chip reference voltage, VreF/ can be tied directly to 



Figure 14. 

VthAD] to set the threshold level. This 2.5V low 
impedance source will set the threshold at its maximum 
allowable level as indicated in the graph. A lower 
threshold level can be set by dividing down Vref with a 
resistor string, as in figure 15. The VthADJ voltage can 
be calculated as follows: 

VthADJ = Vref—^ (6 ) 

K'l + K2 


Vref 

Ri 

t—- ►VthADJ 

i 

Figure 15. 

If, for example, you were using the ML4621 and you 
wanted the Link Monitor to trigger when the received 
optical power went below 1//W (-30dBm), you first 
need to calculate the resultant voltage at V|n+ and V|n_. 
If you were using the HFBR-24X6 Fiberoptic Receiver 
with a responsivity of 8 mV//iW, the peak-to-peak voltage 
would be: 

1//W X 8 mV///W = 8 mVp_p (7) 

So the Link Monitor should trigger at some point 
slightly lower than 4mV peak, say 3mV The reference 
voltage at VthADJ should then be: 

VthADJ = 600(.003) + 0.7 = 2.5V ( 8 ) 

This is a convenient value since the reference voltage 
supplied by the Quantizer, Vref/ 's 2.5V. Thus, shorting 
Vref to VthADJ on the ML4621 will set the minimum 
input signal level at about 3mV. 

The Link Monitor has about 0.4mV (peak) hysteresis 
built-in. VthADJ in equation 5 is the high threshold 
level (the trigger point when the Input voltage is rising). 
The low threshold level (the trigger point when the 
Input voltage is falling) is about 0.4mV less than the 
sevels given in these equations. More hysteresis 
can be induced by connecting a resistor between 
TTL LINK MON and VthADJ creating a positive 
feedback loop. 

A Sample Circuit 

The circuit in this section (figure 16) is a point-to-point 
fiberoptic interface designed to pass 20MBd data over 
1 kilometer of 62.5/125/im fiber cable. The main 
components are the ML4632 LED driver, the HFBR-1414 
LED, the HFBR-2416 Receiver, and the ML4621 
Quantizer. Choosing -30dBm for the minimum received 
optical power makes equations 7 and 8 applicable 
and allows Vref to be used to set the Link Monitor. 

Applying figure 5 to the 20MBd data rate yields an 
optimal bandwidth of about 15MHz. Using equation 2, 
the value for C 5 is derived by setting fn equal to 
15MHz and solving for C. The lower corner frequency, 
fL, should be chosen so that, at least, any 60Hz line 
noise is filtered out. Choosing 0.1/iF for Q and C 2 will 
set the lower corner at 200Hz (equation 1). 
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The only external component left to calculate is Ce- 
Since the baud rate is 20MBd, the time between peaks 
in the Link Monitor's peak detector is 50ns. If no more 
than 0 . 1 % droop is acceptable under the worst case 
conditions (when the Input signal is the smallest), and 
the internal current source I|set's used, then Ce is 
calculated as follows: 

Smallest input signal = 3mV 

Gain through amplifiers = 75 

Smallest voltage at VouT+ and Vqut- = 

3mV X 75 = 225mV 

Smallest acceptable droop voltage = 

0.1% X 225mV = 225/;V 

225//V 

Slowest acceptable droop rate =- = 4.5V//is 

50ns 

125M 

Smallest Q =-= .028>t/F 

4.5V/A/S 

A 0.1//F capacitor is a convenient acceptable value for 
this application. 

Now that the minimum received power is known, a 
flux budget can be developed for the interface, and the 
required optical power from the LED can be derived. 
Since the output power of the HFBR-1414 is specified 
out of a short length of fiber attached to the LED unit, 
no ajc term is required in the flux budget. If no in-line 
connectors are used and the remaining terms are: 


0R = ^^\N 

ao = lOdB/km 
L = 1km 
OTcR = 0.2dB 
Om = 3.0dB 

solving the flux budget equation for <pj yields: 

(pj 

10 log — = oroL + acR + (9) 

<pR 


10 log —^ = 10(1) + 0.2 + 3 = 13.2dB 
^fJW 

log 0T - log 1/iW = 1.32 
log 07 + 6 = 1.32 
log 07 = -4.68 
07 = 20.9jjW (-16.8dBm) 

The HFBR-1414 has a minimum Peak Output Optical 
Power of 31.6//W (-15dBm) when coupled to a 
62.5/125/im fiber cable, and when a forward current (Ip) 
of 60mA is applied. Since the optical output power vs. 
forward current relationship of the LED is approximately 
linear, the forward current required to get the 
minimum output power, 31.6//W, can be calculated as 
follows: 

20.9//W 

-X 60mA = 40mA (10) 

31.6/t/W 
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To program the ML4632 RTSET can vary from 12 to 
30 ohm. This will allow and drive current of 40mA to 
100mA. For more detailed information refer to the 
ML4632 Data Sheet. 

Now, to make sure there is no chance of saturating the 
receiver with too much power, a dynamic range 
calculation is in order. Since there are no in-line 
connectors and the cable length Is fixed, the only 
dynamic range components are the thermal variations 
(cfy), the user defined system margin (aMl the LED 
output power tolerance (ccled)/ a*icl the LED drive circuit 
tolerance (ctldc)* 

100 

— (-12dBm) 

60 

CCLDC = 10 log - = 3.97dB (11) 

40 

— (-12dBm) 

60 

-9dBm 

ffLED = 10 log —— = ZOdB (12) 

-16dBm 


ctldc = 3.97dB 

ctled = 7.0dB 

ccm = 3.0dB 

CTj = I.OdB 


Dynamic Range: 14.98dB 


So the maximum input power ( 0 tmax) the HFBR-2416 
Receiver will see is: 


10 log 


0 TMAX 

1/iW 


= 14.98dB 


(13) 


0 TMAX = 31.47//W 

This is well below the 150//W maximum spec for the 
HFBR-2416, and the resultant output voltage is 

31.47//W X 8mV//iW = 251.76mVp_p (14) 


This is well below the 1.4V maximum input voltage of 
the ML4621. 


The Board Layout 

Refer to Application Note 15. 
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Application Note 7 

Expanding the ML2200 
Input Multiplexer 


1.0 Introduction 

If the four channel differential input multiplexer on the 
ML2200 Is Insufficient for your application, it can be 
expanded using one of three methods described in 
this document. An expanded input multiplexer will 
greatly enhance the processing power of the ML2200 
but will restrict some of its flexibility. The limitations of 
each circuit are discussed at the end of this application 
note. 

The first circuit controls up to 64 differential Inputs but 
restricts the ML2200 to always run eight operations. 

The second circuit controls up to 128 single ended 
inputs and again restricts the ML2200 to always run 
eight operations. The third circuit is limited to eight 
differential inputs but is fully programmable in the 
number of operations. Each circuit is fully 
synchronized with the ML2200 and can be built with 
off-the-shelf components. 

Although this application note discusses only the 
ML2200, the ML2208 can be used as well. Only minor 
operational issues within the ML2208 are affected. 

2.0 General Theory of Operation 

An external counter (74LS163) is used to control the 
additional multiplexer devices (DG506 or DG507). The 
counter Is incremented by the SYNC pin of the 
ML2200, which must be programmed as an output. 

The SYNC pin is suitable for this purpose since it 
always signifies the start of a new operation. 

Synchronization with the ML2200 is achieved by 
utilizing the DBR pin to load input channel #1 Into the 
counter. Since the DBR signal comes out after the 
sequence of operations are complete and the next 
sequence is started, it is too late to correctly 
synchronize the counter prior to the beginning of the 
next sequence. Synchronizing on the "1" count, 
however, will always reset the counter to the proper 
value If synchronization is ever lost. 

Due to the above described behavior, a "boundry" 
problem exists in the very first sequence of operations 
and the first operation of the second sequence after 
the chip is started. In order to get out of this problem, 
the RUN bit of the control register is decoded and 
duplicated in these circuits. The RESET signal is also 
brought in. These signals force the counter to 
predetermined states and relieves the "boundry" 
problem. 


3.0 A 64-Channel Differential Input Circuit 

This circuit, shown in figure 1, provides up to 64 
additional input channels. Two 74LS163 counters, U5 
and U6, are used to develop the address for each 
channel. Only 6 of the 8 available counter bits are 
needed to control the channel selection. The 3 LSBs 
are used to drive the multiplexer (DG507) address bus 
and the 3 MSBs are decoded and used to drive each 
multiplexer's enable pin. A 74LS138 (U7) is used to 
decode the MSBs, providing control for 8 multiplexer 
chips. The 2 unused counter bits could be used to 
address additional multiplexers, providing control for 
up to 256 channels. 

A D-type flip-flop (U4A, 74LS74) is used to reset both 
counters whenever the ML2200 is reset or not in RUN 
mode. This is accomplished by presenting an active 
low signal at the synchronous clear inputs of the 
counters whenever either the RESET or HALT condition 
exists. When the ML2200 is placed in RUN mode, the 
first SYNC pulse resets the counters to zero instead of 
incrementing them. At the same time, the first SYNC 
pulse clears the resetting condition by clearing the 
flip-flop. 

The other flip-flop in this circuit, U4B, is used to trap 
the 0 to 1 transition of the DBR signal. This transition 
causes the output of U4B to go low, which sets up the 
counters for a load cycle. The next SYNC pulse (which 
should correspond to the first operation of the 
ML2200) will then load the counter with a "1", forcing 
the counters to be synchronized to the sequence. As 
before, the same pulse that performs the load 
operation also clears the load operation. 

U1 (74LS138) and U2 (74LS379) form the logic that 
decodes the RUN bit from the microprocessor bus to 
develop one of the conditions that resets the counters. 
U1 simply decodes the address of the control register 
within the ML2200 and U2 latches the status of the 
RUN bit. 

This circuit requires operations to be done in groups 
of eight and each operation within the group must 
have the same characteristics. 


Micro Linear 


10-47 






Application Note 7 







































Application Note 7 


4.0 A 128-Channel Single Ended Input Circuit 

This circuit, shown in figure 2, is identical to the 
differential circuit with three exceptions: 

1. Four address bits are used to drive each multiplexer, 
since each multiplexer chip now contains 16 
channels instead of 8. 

2. The decoder chip (U7) Is shifted one bit up on the 
counter output. This makes room for the extra bit 
needed for multiplexer addressing. 

3. DG506 multiplexers are used because this is a single 
ended application. 

This circuit requires operations to be done in groups of 
eight and each operation within the group must have 
the same characteristics. 

5.0 An 8-Channel Diferrential Input Circuit 

This circuit, shown in figure 3, is very similar to the two 
previous circuits. It still uses two D-type flip-flops to 
load and reset the counters. The difference here is that 
register U7 (74LS379) is provided at address location 6 
within the 8 byte ML2200 address space and is used to 
store a count equal to the number of operations 
programmed by the microprocessor in the ML2200. 


Address location 6 and 7 are spare locations within the 
ML2200 address space. A 74LS85 (U8) four bit 
comparator is used to reset the counter to zero when 
the maximum count is reached. A single DG507 
provides the eight input channels. 

This circuit is not restricted to performing operations in 
groups of eight. Each channel can be programmed and 
Initiated individually. This flexibility is maintained at the 
expense of limiting the number of differential inputs to 
eight. 

6.0 Circuit Limitations 

In order to maintain synchronization with the ML2200, 
these circuits contain several inherent limitations which 
are described below: 

1. The SYNC pin is limited to use as an output. 

2. These designs allow less settling time for external 
input circuits, such as instrumentation amplifiers, 
than otherwise would be possible. 

3. The capability to do random reference selection is 
lost. 

4. The capability to do random Input channel selection 
is lost. Input channels must be scanned sequentially. 
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Application Note 8 
One Pin Crystal Oscillators 


1.0 Introduction 

Micro Linear has frequently used a one pin oscillator 
design in its CMOS chips. The concept of a one pin 
oscillator may seem peculiar to some at first, but the 
design topology has been around for many years, 
dating back to vacuum tube days. This topology is 
shown in Figure 1 and is commonly known as the 
Colpitts oscillator. The only difference compared to 
previous implementations is that an MOS transistor is 
used as the active element. 


vcc 



Figure 1. 

There are two important advantages to using this 

particular topology versus the more common two pin 

design (which is called a Pierce oscillator): 

1. Only one pin is required, leaving the extra pin for 
maximum functionality. This is increasingly important 
as chips become more complex in function. 

2. No external components are usually required except 
for the crystal. If extremely high frequency accuracy 
is required, then an external capacitor in parallel 
with the crystal can be used to trim the frequency. 

All is not free, however, there are some disadvantages: 

1. This design is less tolerant of external parasitics to 
ground than the two pin design. This is not usually 
a problem since the designs used in Micro Linear's 
circuits have been provided with sufficient margin 
to handle typical printed circuit board parasitics. 


2. Flexibility in terms of user adjustment of design 
parameters is less in this design. Again, this is not 
seen to be a problem for two reasons: 

a) Board level designers rarely adjust the two pin 
design parameters. 

b) Enough margin is provided so that adjustment is 
not needed. 

2.0 Theory of Operation 

Exact circuit analysis of the oscillator is a complex 
procedure for several reasons: 

1. In a practical design situation, the system equations 
are a minimum of 5th order. Exact hand calculations 
are difficult at best. 

2. Final oscillation conditions are not only based on 
small signal analysis, but very dependent on large 
signal non-linear situations. 

3. The crystal model is generally a simple case in small 
signal analysis but element parameters can change 
with excitation level. 

In this section, no attempt is made to provide a 
complete exact analysis. An alternate approach is taken 
in which hand calculations can closely approximate the 
small signal solution. This approach is also much more 
heuristically satisfying in that effects of design 
parameter changes can be seen without applying a lot 
of math. This also serves to provide the user with a 
way to calculate an approximate frequency of 
oscillation if more exact frequency tolerances are 
required other than just plugging the crystal in. 

For the more technically inclined, an exact small signal 
sample design procedure is presented in Appendix A 
using the MathCAD^" program on an IBM-compatible 
PC. This is possible due to the presence of a root 
solver capability in MathCAD. Users of HP calculators 
or numerical analysis computer programs can also 
perform this analysis. Appendix B contains an example 
procedure to estimate final oscillation amplitude while 
Appendix C goes through the procedure to calculate 
the closed loop root locus plot which is then used to 
estimate oscillator startup time. 
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2.1 Crystal Model 

The typical crystal model is shown below: 



Figure 2. 


Typical values for the 12.352 megahertz crystal used in 
some of Micro Linear's telecom chips are: 

Lo •= 8.005814 • 10~3 henries 
Cc := 5.10 • 10-12 farad 
Co := 20.7558 • 10-15 farad 
Rq •= 15 ohms 

The admittance of the crystal is: 

'»'xtl(s) •= Cc • s +- ^ - 

Lo ‘ S + —- + Rq 

Co*S 

Plot 50 points versus frequency: 

X := 1 .. 50 

Define radian frequency values: 

CJx - 12.346 • 10^ • 2 • TT + X • 120 
Plot real (resistive) part: 



1.2346-107 w 1.2347-107 

(OX 
2 - TT 

Figure 3. 

Plot susceptance: 



1.2346 - 107 (V 1.2347 • 107 

(OX 
2 • TT 

Figure 4. 


Note that at the series resonance frequency of: 

1 

7-7f=^ = 1.2346608 • lO^Hz 

2*7r* VLo'Co 

the susceptance is zero and the resistance is: Rq = 15. 

Oscillators that operate the crystal in the series mode 
use this characteristic as part of a feedback loop in 
which the loop gain is maximum at this frequency. 
Above this frequency the susceptance is inductive. 
Oscillators such as this one-pin design (and the two-pin 
Pierce) operate the crystal in the parallel mode, "using 
it as an inductor." 

2.2 Simplified Hand Calculation of Loop Gain: 

In this section, a simplified (but approximate) method of 
calculating the loop gain Is shown. This method also 
demonstrates in a more heuristic way how loading 
affects the oscillator and how one may choose the 
crystal characteristics, especially the series resistance Rq- 
The calculation for the approximate frequency of 
oscillation is also shown. This calculation is quite 
accurate. 

Before we proceed with the calculations, two general 
principles will be presented that are used to make the 
calculations. Derivations of these principles can be 
found in reference [1]: 

1. In Figure 5, it is seen that an RLC circuit with series 
loss can be represented by a circuit with parallel loss 
(resistance). This applies when the circuit Q is high 
(> 10 ). 



2. In Figure 6, an RLC circuit with series capacitors can 
be classified as a "parallel resonant transformer" 
circuit. Again, this is accurate only when the Q is 
high (this is easily satisfied with crystal circuits, with 
Q's in the ten to hundreds of thousands). In this 
case, the two capacitors act like a transformer with a 
turns ratio of: 

, Ci 

"■"C1+C2 

Hence any resistance can be reflected by the square of 
the turns ratio. 
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Figure 6. 

Using principle 1) from above, we can construct a 
crystal model which has a parallel loss element: 




Figure 7. 

Using principle 2) from above, we can now reflect the 
loss element to the crystal terminals by the "turns 
ratio." 


In Figure 9 the MOS transistor has now been replaced 
by, its small signal equivalent circuit. In this instance, g^ 
is the small signal transconductance of the transistor 
and is set by the DC bias current. Rlt is the parallel 
combination of the drain to source conductance and 
the "body bias factor" (if the source is not at the same 
potential as the bulk). Derivations of these parameters 
can be found in reference [2]. 

Cp is the parallel combination of all circuit reactive 
parasitics found at the oscillator pin, including the 
crystal case capacitance, Cc- Cjop and Cbot are on- 
chip capacitors with sizes chosen for a particular design 
range. 

Rp is the resistance of an on-chip DC bias resistor for 
the gate of the MOS device plus any dissipative loss 
present at the oscillator pin to ground. This is any lossy 
effects due to circuit board or socket dissipation factors 
at the frequency of oscillation. 

We now connect the crystal to the oscillator circuit. 
Note that the reflection and transformer calculations 
above must be done with ail circuit capacitances taken 
into account: 


; 

-J 


V|N 

+ Ctop ” 

_II_-_ ^ 

1 

- < 

Rpxr-« 

n 

u 

> Rp 1 

_ ^_, 

= Cbot 

)gmV|N < 

. _1 


n = 

Cc + Co 
Co 



Figure 8. 

At this point, we should develop the small signal 
equivalent of the oscillator circuit: 



^ V|N 

Ctop 

II 



1 ] 

' II * 

' 1 

1 

t -j 

f 1 

2 Cp Cbot = 

' C 


1_J 


gmViN 

1 


n/Lo • Ctot' 


Ctot = 


Co • CpTOT 
Co + CpTOT 


CpTOT = 


Co • CpTOT 
Co + CptOT 


+ Cp 


Figure 10. 


Let us assign some typical values to the components: 

Rlt •= 80 • 10^ ohms gm •= 1.6 • 10"^ Amps/Volt 

Cp := 10 • 10"^^ farad Cjop 16 • 10"^^ farad 

Rp := 100 • 10^ ohms Cbot 16 * 10"^^ farad 


We will use the crystal values defined above with the 
exception that Cc is now included in Cp, which 
represents all capacitive parasitics present at the pin. 


The total capacitance present at the pin including Cjop 
and Cbot is: 


CpTOT •= 


Ctop • Cbot ^ ^ 
Ctop + Cbot ^ 


CpTOT = 1.8 • 10-'»'i 


The total capacitance seen across the crystal inductance 
is: 

Ctot •= Ctot = 2.073 • lO-i^ 

Co + CpTOT 


Figure 9. 
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This capacitance in parallel with the crystal inductance 
just so happens to produce a resonant frequency which 
is very close to the frequency of oscillation: 

6jn = 1.2353724 • W 
2 • TT 

Note that this frequency is .014% higher than the 
specified 12.352 Megahertz. This is because this crystal 
was ground with a specified capacitive load of 18pF 
across its terminals. In our case, we only have about 
13pF. 

The circuit Q is now calculated; 


Q’= 


1 

(JQ ' Ro ‘ CjOT 


Q = 4.143 • 10^ 


The equivalent parallel resistance across the crystal 
inductance is now calculated using principle 1) above: 

Rpx := Q2 • Ro Rpx = 2.574 • 10^0 


This is now reflected to the oscillator pin using prin¬ 
ciple 2) above: 


RpxRRpx' 


Co 

Co + CpTOT 


RpXR = 3.415 • 104 


This is now combined with the parallel resistance 
present at the oscillator pin: 


RpTOT := + Rp RpTOT - 2.546 • 10^ 


Note that this can be reflected again through the 
''capacitive transformer" of Cjop and Cbot- 

2 


I^PTOTR •= RpTOT * 


Ctop 

Ctop + Cbot, 


RpTOTR ” 6.364 • 10^ 

We now combine this with the resistance present at 
the transistor source: 


Ctop 


• gm • Rl 


Al = 9.433 


This gives us our loop gain, which hopefully is more 
than 1 to allow oscillations. Note that this compares 
favorably with the exact analysis given in Appendix A of 
9.41. 


This is a good time to pause and reflect on what the 

above analysis tells us: 

1. It is seen that the oscillation frequency depends on 
the total capacitance at the oscillator pin in series 
with the crystal capacitor Cq. Since Co is very small 
(typically 10's of femto-farads) external capacitance 
has a small effect on the oscillation frequency. This 
provides a means of "tweaking" the frequency to an 
exact value with a trimmer capacitor placed from the 
oscillator pin to ground. 

2. Using the "capacitive transformer" principle, it is seen 
that large values of capaitance at the oscillator pin 
reduces the loop gain since the crystal resistance is 
now reflected into a smaller value and hence the 
product gm ‘ Rl is smaller. Oscilloscope probes can 
contribute a significant amount of parasitic and should 
be used carefully when debugging this circuit. If 
frequency trimming is employed by placing a parallel 
adjustment capacitor to ground, it must be done 
carefully so that the loop gain is not made too small. 

3. Lossy components at the oscillator pin also reduces 
the product gm * Rl- This is especially important at 
higher crystal frequencies, where printed circuit board 
material or socket material becomes more and more 
lossy. The value of the on-chip bias resistor varies with 
frequency from about 1MO to about lOOkO (over a 1 
to 20 MHz range). Note that this is a fairly high 
impedance which is easily affected by external 
parasitics. Oscilloscope probes can be particularly 
lossy at these frequencies. 


2.3 Three More Important Criteria for 
Consideration: 


Rl-= 


RlT • RpTOTR 
RlT + RpTOTR 


Rl = 5.895 • 10^ 


This is the load resistance. This multiplied by the trans¬ 
conductance will give us our gain up to the source of 
the transistor from the input. 


Three more important items need to be covered. These 
items may or may not be OK even if the loop gain 
calculation is adequate (more than 1): 

1. Oscillator phase margin. 

2. Nyquist criterion. 


gmRL = 9.433 

Note that the input to our circuit is the voltage applied 
across the gate to source of the MOS transistor, or in 
other words, the voltage across Cjop- Using the 
"capacitive transformer principle" we can determine 
that the loop gain is; 


3. Final oscillation amplitude 

The theory for the above criteria is too lengthy to 
cover in an application note; only a brief qualitative 
explanation will be given. The reader is encouraged to 
consult references [3], [4], and [5]. The exact analysis 
given in Appendix A will cover the phase margin and 
Nyquist criterion. 
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Oscillator Phase Margin: 

Figures 11A through 11D in Appendix A show the open 
loop transfer characteristics of the oscillator. 11A shows 
the overall magnitude over a wide range of frequencies. 

The crystal characteristic is not visible since it occurs 
over a very narrow range. 11B shows the phase 
characteristic. 


These curves show that the circuit produces a single 
pole rolloff of 6dB per decade and a final phase shift 
of 90 degress. Examining the circuit in Figure 10, we 
see that the loop transfer function starts out at 180 
degrees out of phase. This is because the output Is 
developed across Cbot and the input is taken across 
Ctop- At DC, the voltage across Cjop is of opposite 
phase to that of CboT/ since the top side of Cjop has a 
DC path to ground. The single pole rolloff is primarily 
due to (but not exactly) the combination of Rp- and the 
total capacitance seen at the source of the MOS 
transistor to ground. The crystal inductance combined 
with the circuit capacitances can almost provide 
another 180 degrees of phase shift. This, combined with 
the 180 degrees from the active element will provide 
ALMOSX but not quite the 360 degrees needed for 
oscillation. This is where the single pole rolloff comes 
in. Examining 11C shows that the loop gain peaks first 
then dips. This Is due to primarily a complex pole pair 
and a complex zero pair. The peak is a result of the 
crystal resonating with all circuit capacitances: 


cjp:=—=J= o)p = 7.7620737 • 10^ 
vLo'Ctot 

The complex zero pair comes about when the crystal 
resonates with all capacitances except for the Cjop and 
Cbot combination: 




1 

0)z 

Jlo- 

Cp • Co 


Cp + Co 


CJz = 7.7656489 • 10^ 


The phase shift at the complex pole pair passes 
through zero and the amplitude peaks to provide the 
oscillation point. The phase then goes past the point 
needed for oscillation and then passes through zero 
again at the complex zerd location, returning to the 90 
degree point where it started. The amount that the 
phase shift passes the point necessary for oscillation is 
called the phase margin. This depends on: 


1. The proximity of the complex zero and pole pair, 
which is determined by the difference in value of 
the Cjop and Cbot combination relative to the 
external circuit capacitances. Large parasitics 
decrease the distance between the pole and zero 
pair, degrading the phase margin. 

2. The circuit "Q," which is a function of the reflected 
crystal resistances. Applying the reflection algorithm 
described above shows that large capacitive parasitic 
values produce a lower "reflected" crystal resistance 
and thus a lower "Q." Additionally low values of 
parasitic loss resistances present at the oscillator pin 
will have the same effect. 


If both of the above situations exist, the phase may not 
cross the zero point at all and oscillations will not start. 
The exact analysis procedure in Appendix A gives a 
quantitative description of this situation. 

Nyquist Criterion: 

In Figures 11C and 11D in Appendix A, note that the 
loop gain falls to below unity at the complex zero 
point. A situation can exist where perhaps. If gM is 
large, the loop gain will remain above unity, even at the 
complex zero frequency. This represents a violation of 
the Nyquist criterion for oscillation in that the Nyquist 
plot never encircles the -1,0 point. This can happen 
with crystals at the lower frequencies around 1MHz or 
so. Appendix A gives a quantitative analysis of this 
situation, and reference [5] goes in detail for the theory. 

Final Oscillation Amplitude: 

This section outlines a qualitative explanation of the 
final oscillation amplitude. For a complete analysis, refer 
to references [1] and [4]. Appendix B gives an example 
analysis using the numerical methods of the MathCAD 
software on an IBM PC. If the user is interested at a 
higher level, please contact Micro Linear for design 
parameters. 

Given the loop gain at the frequency where the phase 
shift crosses zero, oscillations start and then increase in 
amplitude. The waveforms across Cjop and Cbot in 
Figure 10 are close to sinusoidal due to the high Q of 
the circuit. The drain current of the MOS transistor, 
however, Is a square law version of the gate to source 
voltage. Thus, at large signals, the effective gM of the 
transistor Is reduced by a factor which Is related to only 
the first harmonic of the drain current. This is the only 
component which is fed back around the loop due to 
the high Q. For a given small signal loop gain, the 
amount of oscillation amplitude necessary to maintain 
the large signal loop gain at one will determine the 
final oscillation amplitude. For a typical Micro Linear 
design, this usually falls within the power supplies. 
Occasionally, then the loop gain is high, the amplitude 
may exceed the power supplies but is "clamped" by 
the input static protection diodes present on the 
oscillator pin. This forward biases the substrate, but the 
input protection structure of the oscillator pin prevents 
any harmful effects from this phenomenon. 

3.0 Design Parameters 

The following section outlines some parameters 
necessary to perform the hand calculation analysis 
described above and the exact analysis in Appendix A 
for various Micro Linear chips at the time of this 
application note: 
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ML2200, ML2208, ML2230, ML2233, ML2221: 

These designs are restricted to 3-7MHz only; no 
frequency trim. Provide minimum parasitic from pin to 
ground possible. 

Cjop-' 10pF 
CboT l^pF 
Typical g^: 500/wA/V 
Typical Rlj: 8kQ 

Rp at 3MHz: 240l<Q (see Appendix D) 

Rp at 7MHz: 140kO 

ML2031, ML2032: 

These designs are restricted to 3-15MHz only; 
frequency trimming with capacitor allowed if desired. 

Ctop' 16 pF 
CboT 16 pF 
Typical g^: 1.6mA/V 
Typical Rlj: 80kO 

Rp at 3MHz: 220kQ (see Appendix D) 

Rp at 15MHz; lOOkQ 

ML2035, ML2036: 

These designs are restricted to 2-18MHz only; 
frequency trimming with capacitor allowed if desired. 

Ctop- '•^pF 
Cbot- 'ISpF 
Typical gm: 1.6mA/V 
Typical R\j: 80kQ 

Rp at 2MIHz: 290kQ (see Appendix D) 

Rp at 15MHz: lOOkQ 

In addition, the package pin capacitance is needed 
along with any stray capacitance due to the bond wire, 
etc. These values vary from device to device, but an 
approximate value would be about 1-3pF. 

4.0 Crystal Specifications 

For most situations, standard microprocessor type 
crystals will work fine in these circuits. If more precise 
frequency tolerance or unusual frequencies are desired, 
a special grind will have to be orderd from a crystal 
manufacturer. 

1. Calculate what capacitance will be seen by the 
crystal in your board, then specify this to the crystal 
manufacturer. 

2. An approximation of the series resistance tolerable 
can be made using the above analysis or the exact 
analysis in Appendix A. One fact which is rarely 
known is that crystal resistances on startup can be 
much higher than when the crystal is being excited. 
Specify both a low level maximum series resistance 
and an operating level series resistance (e.g., 10nW 
to 1yuW startup level and 1/iW to 200/jW operating 
level). An equation to calculate crystal dissipation is 
given in Appendix A. 


3. Frequency tolerances of about .005% are common, 
tighter tolerances are available. 

4. Frequency stability over temperature (0-70°C) of 
about .005% are common; special order for extended 
temperature range or tighter tolerance. 

5. Frequency stability is typically dominated by the 
crystal itself. Temperature coefficients of the parasitic 
capacitances come into play and can be calculated 
using the equations described above. Variation of the 
oscillator gm and internal capacitance values versus 
temperature has a very minor role in stability 
(1-5ppm or so over 0-70°C). 

5.0 Board Level Design Verification 

Some simple tests can be performed during the 
debugging process to verily that the crystal being used 
and the parasitics present are acceptable for 
manufacture: 

1. Measure the crystal parameters. A procedure to do 
this is described below. This is a procedure 
described in reference [6]. 



PEAK AMPLITUDE GIVES Rq VALUE. 

2. OPEN SWITCH, MEASURE PEAK FREQUENCY (THIS SHIFTS UP) 


Af =_1_ Ct = lOOpF + Cc (CASE CAPACITANCE) 

87r2fsCTLo 
SOLVE FOR Lo. 

= ^ -/\ z- > SOLVE FOR Co 
27rV LqCo 


2. Observe crystal startup at the high temperature/low 
power supply specification of your system. Crystal 
startup is the most stringent test of the design. Often 
times the series resistance of the crystal at low levels 
is many times that at operation. Do this over a wide 
sample range of the intended crystal to be used. 
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3. Be sure that the oscillator amplitude is at least 2 
volts peak to peak at the high temperature/low 
supply case. This is to insure that the buffer that 
squares the sine wave up remains operational. If less 
than 2 volts, consider using a crystal with a lower 
series resistance or decrease parasitic capacitance on 
the oscillator pin. Do not use long lead lengths or 
traces from the oscillator pin to the crystal. 

4. Observe crystal startup times. This is a good 
indication of available loop gain. Crystal startup time 
is a function of the real part of the closed loop 
transfer function. Appendix C provides a sample of 
how to calculate a root locus plot versus varying 
gm's. 

5. When observing the oscillator pin, use a FET probe 
or use a standard probe in series with a 1pF 
capacitor to prevent loading the pin with excessive 
parasitic. When observing frequency stability, use a 
spectrum analyzer with an antenna wire pickup to 
minimize parasitic effects. Alternately, if a buffered 
output of the oscillator is available, measure the 
frequency at this point. 
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APPENDIX A 

ONE PIN OSCILLATOR DESIGN 

This docximent is an exact small signal analysis of the one pin oscillator 
using the MathCAD software package. 

******define units first: 

rad =1 -6 

rad TOL = 10 sets MathCAD tolerance 

deg = K - 

180 

★★★★★★Define Parameters: 

-12 -12 -12 
Ctop = 16 10 Cbot = 16 10 Cc = 5 10 (xtal case cap) 


-3 -15 

Ro =15 Lo = 8.005813989 10 Co = 20.7558457 10 


1 

★ ★★★Serial Resonant Frequencyeos := - 


Lo Co 


(OS 7 

- = 1.2346594 10 

2 -K 


1 

★★★★Crystal Q: Qxtal := - 

(OS Ro Co 

****CAPACITOR DIVIDER: 


4 

Qxtal = 4.14 10 


★★★★Equivalent C of Capacitor Divider: 


-12 

Ceq =8 10 


Cbot 

Ceq := Ctop- 

Ctop + Cbot 


Ctop 

★★★★Transformer Ratio for Capacitive Divider: n := - 

Ctop + Cbot 

n = 0.5 


★★★★Impedance Reflection Ratio for Capacitive Divider: 
2 

zc := n zc = 0.25 


icro Linear 
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★★★★Transistor Characteristics: 

-3 3 

gm := 1.6 10 Rlt := 80 10 


★★★★Pin Characteristics: 

**External pin parasitics--this is the real and imaginary parts of any 
external parasitic at the oscillation frequency): 

3 -12 

Rext := 100 10 Cext := 5 10 

★★★★Total Parallel Capacitance: 

Cptot := Cc + Cext + Ceq 


-11 


Cptot = 1.8 10 
-11 

Cpt = 1 10 


Cpt := Cptot - Ceq 


★★★★Equivalent Capacitance for Pole Pair: 

Cptot -14 

Cpol := Co-Cpol = 2.073 10 

Co + Cptot 

★★★★Approximate Frequency of Oscillation: 


Wpol := 


J Lo Cpol 


Fpol := 


Wpol 


2 *71 


Fpol = 1.235371 10 


★★★★Ratio of the Capacitive Divider Between Crystal and Oscillator: 
Co 

nx := - nx = 0.001 

Co + Cptot 

★★★★Impedance Reflection Ratio: 

2 -6 
zx := nx zx = 1.327 10 

Wpol Lo 4 

★ ★★★Q with Cload: Q := - Q = 4.143 10 

Ro 

★★★★Equivalent Parallel R for Crystal Only: 

2 10 
Rpx := Q Ro Rpx = 2.574 10 
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★★★★Reflected Value of the Crystal Resistance at the Oscillator: 


Rxtal : = Rpx zx 


Rxtal = 3.415 10 


Total parallel resistance at the oscillator pin: 
1 1 

Gsum := - + - 1 

Rext Rxtal Rsum := - 


Rsum = 2.546 10 


Gsum 

★★★★Reflected Parallel R at Oscillator to Transistor Source: 


Rref := Rstim zc 


Rref = 6.364 10 


★★★★Total Load Seen at Transistor Source: 

Rlt 3 

R1 := Rref-R1 = 5.895 10 

Rref + Rlt 

★★★★Loop Gain Calculated with Reflection Method: 
Cbot 

A1 := gfm R1- A1 = 9.433 

Ctop 

**in dB: 20 log(Al) = 19.493 

★★★★★★★★★★★★★★★exact calculations:************** 

**Polynomial Coefficients for Zeros: 


nO 

nl 

n2 

n3 


= 1 


= (Co Ro + Co Rext + Cpt Rext) 
= (Co Lo + Co Cpt Ro Rext) 

= (Co Cpt Lo Rext) 
guess first zero location: 

-1 


CO 


Rext (Cpt + Co) 


CO = -9.9792871 10 


s := CO 


zl := root 


3 2 

n3 s + n2 s + nl s + n0,s 


zl = -9.9792906 10 
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guess complex zero pair location: 



s : = CO - i 

3 2 

z2 := root \n3 s + n2 s + nl s + nO, s 
3 7 

z2 = -1.9722866 10 + 7.7656391 10 i 


Zeros: 

5 

zl = -9.9792906 10 

3 7 

z2 = -1.9722866 10 + 7.7656391 10 i 


*****************Poles: 

**Coefficients for Poles: 
dO := 1 

dl := (Co Ro + Co Rext + Ctop Rlt + Ctop Rext + Cbot Rlt + Cpt Rext) 


Co Lo + Co Ctop Ro Rlt + Co Ctop Ro Rext + Co Ctop Rlt Rext ... 
d2 := + Co Cbot Ro Rlt + Co Cbot Rlt Rext + Co Cpt Ro Rext 

+ Ctop Cbot Rlt Rext + Ctop Cpt Rlt Rext + Cbot Cpt Rlt Rext 
d3 := Co Ctop Lo Rlt + Co Ctop Lo Rext + Co Cbot Lo Rlt + Co Cpt Lo Rext ... 
+ Co Ctop Cbot Ro Rlt Rext + Co Ctop Cpt Ro Rlt Rext 
+ Co Cbot Cpt Ro Rlt Rext 


d4 := Co Ctop Cbot Lo Rlt Rext + Co Ctop Cpt Lo Rlt Rext ... 
+ Co Cbot Cpt Lo Rlt Rext 
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guess first pole location: 

-1 5 

0) := - CO = -2.3809524 10 

(Rext) (Ctop + Cbot + Cpt) 

s := CO 


4 3 2 

pi : = root Lci4 s + d3 s + d2 s + dl s + dO, sj 
5 

pi = -2.492 10 


guess second pole location (this is dominant pole) 
-1 


CO : = 


(0 = -5.6423611 10 


Rlt 


Cbot + 


Ctop Cpt 


s := CO 


p2 := root 


Ctop + Cpt 


4 3 2 

d4 s + d3 s + d2 s + dl s + d0,sj 


5 

p2 = -8.6971683 10 

guess complex pole pair location: 

-1 7 

(0 := - CO = -7.7620652 10 


Co (Cpt + Ceq) 

Lo- 

\| Co + Cpt + Ceq 

s := i CO 


P3 


root 


4 

_d4 s 


3 2 

+ d3 s + d2 s + dl s + d0,s 


3 7 

p3 = -1.3566881 10 - 7.7620647 10 i 


★★★★★★★★★★★★★★★Summary:***★*********** 
tp := 2k 


5 

zl = -9.9792906 10 

3 7 

z2 = -1.9722866 10 + 7.7656391 10 i 


zl 

tp 


5 

-1.5882534 10 

z2 7 

— = -313.899161 + 1.2359398 10 
tp 
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-2.492351 10 


= -3.9666998 10 


-8.6971683 10 


3 7 p3 

-1.3566881 10 - 7.7620647 10 1 — 

tp 


p2 5 
— = -1.3841973 10 
tp 


= -215.9236169 - 1.235371 lOi 


Functloil I ************************ 


H(s) : = 


gm Rlt ln3 s 


2 

+ n2 s + nl s + n0_ 


4 3 2 

d4 s + d3 s + d2 s + dl s + dO 


****★********plQ‘t System Function******************** 

X := 1 ..80 


1 := — 
X 10 


cox := [tp 10 


20-logr| [h 


i • cox 

xj J 



le+008 


Figure llA 
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plot phase: 


Ph := arg(H(i cox)) 



le-l-008 


Figure IIB 

plot an expanded area around the complex pole/zero pair: 
n := 0 ..100 

range := (|lm(22)| - |lm(p3)|) range := range .2 
lo := |lm(p3)I - range 
hi := |lm(z2)1 + range 
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Figure IIC 



Nyquist plot: 



Figure llE 


Figure IID 


cog := i (Im(p3) + 10) (Og 7 

— = -1.2353708 10 i 

Find exact frequency of phase zero crossing due to complex pole pair: 
coosc := root (Im(H (cog)), cog) 
check: 

arg(H (coosc)) = 180 deg 

Exact zero phase frequency and aimplitude: 
coosc 7 

- = -1.2353722 10 i |h((0osc) | = 9.41 

tp 
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Find exact zero phase and amplitude due to complex zero pair: 
guess first: 

cog := i (Im(z2) - 100) cog 7 

— = 1.2359383 10 i 
tp 

(Ozer := root (Im(H (cog)), cog) 
check: 

arg(H(COzer)) = -179.999 deg |H(cozer) | = 0.02 amplitude 

cozer 7 

- = 1.2359386 10 i frequency 

tp 

Find phase margin for oscillator (maximum phase between complex pole and zero 
pair) : 

n 

cox := - (I cozer I - |coosc|)-+ |coosc| 4* 100 

n L 105 


n - 


max 


angle (Re (H (i cox)) , Im (H (i cox))) 


= -79.361 deg 
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APPENDIX B 

This goes through an example calculation of the reduction in small signal gm 
due to a certain amplitude across Ctop or the gate of the MOS device. The 
analysis can be carried out in a more general manner and graphs can be plotted 
out for the purpose of providing a graphical solution to ascertain the final 
oscillation amplitude given an initial set of bias conditions. The procedure 
is for example purposes only. If the reader requires more specific 
information, please contact Micro Linear directly. 

This analysis was carried out in MathCAD. 

define some numbers: 

MOS transistor threshold voltage: vt := .926 

700 -6 

MOS transistor k factor: (3 :=-47 10 

4.2 

(0 := 1 here, frequency doesn't matter, so make it 1 
vbq := 1.158 dc bias value of gate to source 


simple MOS equation for drain current 


id (vgs) := if 

vgs > vt. 

~1 2 
- (3 (vgs - vt) 

,0 



_2 



idq := id (vbq) calculate dc bias current 

-4 

idq := 2.112 10 


vin(t,vb) := vb + a cos(co t) define the gate to source excitation 

gmq := \12 p id (vbq) small signal gm at dc bias 

gmq = 0.0018173 

Find the average bias voltage of vgs which MUST equal the dc bias current: 
-8 

TOL := 10 guess vb := vbq - .2 

Given 

1 n 2 -71 

- id(vin(t, vb)) dt ~ idq 

2-71 ^ 0 

newvb := Find(vb) 

newvb = 0.898 vbq = 1.158 compare to new bias 

check: 
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1 

2 n 


2 -71 


id(vin(t,newvb)) dt 


= 2.112 10 


This represents a shift of: 

vbq - newvb = 0.26 volts in vgs bias 

for a sine wave amplitude of: 

a = . 5 volts peak of vgs (note: this is NOT the output voltage!) 

This gives a steady state vgs of: 
vg(t) := vin (t, newvb) 

The first harmonic of the drain current is: 

^ 2-71 


idl 


.= 

K 0 


id(vg(t)) COS (CO t) dt 


idl = 3.624 10 


The large signal gm, or 6M is now calculated: 


idl -4 

GM := - GM = 7.247 10 

a 

The normalization of GM/gm is now shown: 


GM 


= 0.399 


This shows a reduction of the small signal gm. 


gmq 


Plot gate voltage and drain current in steady state: 
X := 0 ..255 

2 -71 -X 


t := - 

X 255 
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APPENDIX C 

Oscillator Root Locus Calculation 

This calculates the real and imaginary parts of the closed loop transfer 
function. The real part is the time constant of the initial exponential 
startup transient. 

define a range of gm values to calculate over: 

X := 40 ..10 


Lio. 

gm := 10 

X 


-6 

TOL = 10 


Calculate root locus for gm. These are the roots of the characteristic 
equation of the closed loop transfer function. See Appendix A for the 
definitions of the coefficients shown below: 


clp 

X 




4 



3 


2 ^ 



d4 

s + 

d3 + n3 gm rmb 

s + 

d2 + n2 gm rmb 

' s 






X J 


L X J 


rS 


+ 

dl + nl gm rmb 

s + dO + nO 

gm rmb 






X J 



X 





-10000 


Re 



20000 
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Real part of closed loop transfer function versus gm: 



X 


Note in the above plot that there is a limited range of gm's for which the 
poles of the closed loop transfer function remain in the right half plane. In 
other words, too low a gm creates too low a gain. However, too high gm values 
also violate the Nyquist Criterion. 
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APPENDIX D 

This shows how to calculate the real part of the on chip bias resistor Rp 
for inclusion in the loop gain calculations. This was done on MathCAD. 

This is a calculation of the Real part of a distributed RC network with one 
end shorted to ground. A parallel R part is calculated. 

ORIGIN := 1 m := 1 . .3 


Following DC resistance values are for the ML2031, ML2035, and ML2200. The 
total capacitance is also calculated for the network. 


rO : = 


3 

240 10 

3 

640 10 
6 

10 


-15 

10 

cO := rO 100*.08- 

mm 3 

410 


Define a range of frequencies to use: n := 1 . .40 

6 

10 - 

f := n- (0 := (f-2'7C) 

n 2 

Calculate the admittance of the distributed network: 


r : = i * (0 • cO • rO 
n^m \| n m m 


ZO 


n,m 


rO 

m 


i CO cO 
>] n m 


Extract the real part and invert to get 


resistance: 


yl : = 


1 


ZO' tanh(r) 


r 


1 


[Re (yl) 
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Plot the real part versus frequency: 


700000 


r r r 

(n,l)' (n,2)' (n,3) 



2e+007 


diainonds=:ML2200, boxes=:ML2035, pluses=ML2031 
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An Improved Method of Load Fault Detection 


High frequency supply designs pose unique problems 
In fault detection. A typical method of output fault 
detection In most standard controllers is to provide a 
cycle-by-cycle current limit (Vjhi) to limit the peak 
current in the output switch. In addition, these 
controllers have a second current limit (Vth 2)/ which is 
typically set 40% higher than the cycle by cycle limit. 
Crossing Vth2 on the Isense input resets the Soft Start 
circuit and allows current in the output to decay 
before re-starting the system. 

In theory, by the time the power output stage can 
begin to turn off from having crossed Vjhi/ the output 
current will have exceeded Vjh 2 and a soft start reset 
wll be performed. This technique works well if leakage 
inductance is low and turn-off delay is high enough to 
cause enough energy to transfer to the output 
inductor, causing the current to build up in 
subsequent cycles (figure 2a). This current build up 
takes place when the output is short circuited because 
the output inductor has almost no voltage across it 
and therefore a very shallow discharge slope. If, 
however, energy transfer is low due to fast turn-off of 
the outputs (which is desirable to minimize switching 
losses) energy transfer to the output inductor will be 
minimized, resulting in the supply continually running 
at the cycle by cycle current limit to a short circuit 
with no reset occurring (figure 2b). 


High frequency controllers are designed to minimize 
TpD and turn off the output MOSFET gates quickly. 

This implies that the event which triggers soft start 
reset will not persist for very long if it is detected at 
all. The short persistence of the triggering event 
requires that Q1 discharge Cl in a very short time, 
typically resulting in a partial discharge and an 
Inadequate reset. A solution to this problem (figure 3) 
is implemented in all of Micro Linear's PWM IC's. Flip- 
flop (F2) and comparator (A4) are added to the circuit, 
to ensure a full reset. If desired, a delay (as 
implemented in the ML4809 and ML4811) can also be 
added before restart, which lowers the system's 
effective duty cycle allowing the supply to cool down. 


v+ 



Figure 1. Typical Two Threshold Current Limit/Fault Detect 




- SWITCH CURRENT 

__DIODE CURRENT 


Figure 2. Current Waveforms During Output Short Circuit Slow Output Turn-Off (2a) and Fast Turn-Off (2b) 
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Figure 3. Improved Soft Start Reset with Delay — ML4809 

Integrating Fault Detection 

The "two threshold" detection technique described 
above limits the system designer's freedom to optimize 
his magnetics and minimize switching time. Since 
detecting the fault relies on building inductor current 
up on successive cycles, propagation delay cannot be 
minimized (as shown in figure 2) for this technique to 
work. Since these two parameters are important terms 
in high frequency supply efficiency, the need to 
compromise due to inadequacies in fault detection 
presents a problem. 

A method of circumventing this problem involves 
"counting" the number of times the controller 
terminates the PWM cycle due to the cycle by cycle 
current limit. 



Figure 4. Integrating Soft Start Reset Circuit 
with Delay (ML4811) 


Figure 4 shows the Integrating Fault Detect circuit. 
When the Ium signal (switch current) crosses the 1.1V 
threshold Al signals the FI to terminate the cycle and 
sets F3, which is reset at the beginning of each PWM 
cycle. The output of F3 turns on a current source to 
charge C2. When, after several cycles, C2 has charged 
to 3V, A5 turns on F2 to discharge soft start capacitor 
Cl. Charge is continually bled from C2 by R1. If a 
current surge is short lived (for instance a disk drive 
start-up or a board being plugged in to a live rack) the 
control can "ride out" the surge (figure 5a) with the 
switch protected by the cycle by cycle limit. R1 and Cl 
can be selected to tr^ck diode heating, or to ride out 
various system surge requirements as required. 

If the high current demanded Is caused by a short 
circuit (figure 5b), the duty cycle will be short and the 
output diodes will carry the current for the majority of 
the PWM cycle. C2 charges fastest for low duty cycles 
(since F3 will be on for a longer time) providing for 
quicker shutdown during short-circuit when the output 
diodes are being maximally stressed. 



SWITCH CURRENT AT l(LIM) PIN 



RC(RESET) VOLTAGE 


Figure 5a. Integrating Fault Detection Response 
to Load Surge 



SWITCH CURRENT AT l(LIM) PIN 



RC(RESET) VOLTAGE 


Figure 5b. Response to Load Fault (Short Circuit) 

The Integrating Fault Detection circuit allows reliable 
detection of output faults independent of supply 
magnetics and propagation delays. Additionally, this 
method of fault detection is inherently noise immune, 
programmable, and can distinguish between load 
surges and load faults (short circuits). 
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Mehmet K. Nalbant Power Factor Enhancement Circuit 


A simple enhancement circuit for the ML4812 is 
described. The circuit which will be called the power 
factor enhancement circuit greatly improves the power 
factor while reducing the total harmonic distortion of 
the current waveform. 

The circuit details for implementing the power factor 
enhancement circuit are given below. Figure 1 shows 
the schematic diagram of the circuit. The circuit 
operates by generating a small DC current bias and 
injecting it into the Isine (pin 6) input of the ML4812. 
This current injection has the net effect of improving 
the zero current crossover distortion. It does this by 
lifting the shoulders of the current waveform around 
the zero crossover areas. 

The circuit in the dotted lines in Figure 2, shows the 
details of the implementation. The circuit automatically 
adjusts the amount of the injected DC bias as a 
function of the line voltage. The reason behind the 
variable amount of DC current injection is that at 
lower input voltages, the amount of DC bias that is 
required is less. 

Based on experience, the amount of bias required at 
220 VAC is approximately four times higher than at 120 
VAC. The proper scaling can be adjusted by choosing 
appropriate values for the various resistors used and 
the zener diode voltage. The amount of bias that is 
required is a function of the boost inductor value and 
the ramp compensation. For best performance the 
value of the inductor should be chosen as high as 
possible which in turn will necessitate a small amount 
of ramp compensation. 

One way to find the required bias currents is 
summarized below: the first step is to find the 
optimum bias at the nominal operating point, for 
example, at 120 VAC. This is done by connecting a 
variable resistor to the reference output of the 1C. The 
initial value of the resistor is selected such that, the 
bias current equals the peak to peak ramp 
compensation voltage when the duty cycle is at its 
maximum. After the optimum value at the nominal 
operating conditions is found the input voltage is 
increased to 220 VAC and the same procedure above 
is repeated to find the optimum value of the resistor at 
the 220 VAC nominal operating conditions. The bias 
currents corresponding to the two resistor values 
above can be used to calculate the values of the 
components in the enhancement circuit. The formulas 
for calculating the various components are given below: 


,, B-9V||s 1(RMS) Rh 

R1.R2.R6 

(1) 

, Vc3 - Vbe - Vz - Visine 

IiSINE(VIN) - ' 

K7 

(2) 

hsiNE(220 VAC) 

r =- 

l|SINE(120 VAC) 

(3) 

Vc3{220 VAC) - Vbe - Vz - Visine 
r = 

Vc3(i20 VAC) - Vbe - Vz - Visine 

(4) 


Where: 

IisinE(VIN) = Bias current into the Isine input as function 
of the input voltage. 

Vbe = Base emitter voltage of Q3 (0.7V nominal). 

V|siNE = Voltage at Isine input, typically 0.7V. 

r = Ratio of bias current at 220 VAC input to 

the bias current at 120 VAC input. 

By chosing a value for Vc3(220 VAC) the value of Vc3(i20 VAC) 
is also found. These two values can be substituted to 
the equation above to calculate the required value for 
Vz- The value of R7 can be found by using (2). The 
values of the remaining components can be calculated 
by using (1). 


RECTIFIED 

INPUT 

VOLTAGE 



Figure 1. The Enhancement Circuit 


Micro Linear 


10-77 






Application Note 11 



Figure 2. 1KW Enhanced Power Factor Correction Circuit 


The circuit of Figure 2, is a 1KW input, power factor 
regulator. For this circuit the values of the 
enhancement circuit components were as follows: 

R1 + R2 = 330K 
R6 = 22K 
R7 = 22K 
D2, Vz = 3.5V 

Q3 = 2N2222 or any equivalent small signal 
transistor. 

C3 = 10/wF electrolytic cap 

Table 1 shows the performance of the power factor 
regulator with and without the enhancement circuit. 


Table 1. Effect of Enhancement Circuit on Power Factor 


Input 

Voltage 

(VAC) 

Input 

Power 

(W) 

Power Factor 

With 

Enhancement 

Without 

Enhancement 

120 

742 

.998 

.991 

365 

.994 

.976 

220 

706 

.996 

.976 

352 

.969 

_I 

.940 
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Vince Cardinale 


Generating Phase Controlled Sinewaves 

with the ML2036 


Introduction 

The 16-bit resolution of the ML2036 combined with its 
Inhibit feature makes it a powerful tool for generating 
precision sinewaves. It can produce frequencies from 
DC to 50kHz in 1Hz increments with -40dB harmonic 
distortion and has the control to stop the output at 
any given time or at the next zero crossing, w/f/? no 
external components. 

Precise phase control can also be obtained with the 
addition of a few external devices. With the addition of 
phase control two or more ML2036 sinewave 
generators can be synchronized at any angle from 0 to 
360 with better than 1 degree resolution. 

Inhibit Mode 

In order to place the ML2036 in Inhibit mode three 
conditions must occur simultaneously. The three-level 
Pdn-INH input pin must be at the Vss voltage (-5V), 
the shift register must be loaded with all zeros, and 
the LATI pin must be a logic "1" (+5V). Once these 
three conditions are met the output continues to 
operate until it reaches Vqs + |Vxl if the next zero 
crossing is positive going, or Vqs - |Vxl if the next 
zero crossing is negative going, and then holds this 
level (see figure 1). The output will stay at this voltage 
until a new frequency is loaded into the data latch, at 
which point the output will continue where it left off. 

If the output stopped at zero after approaching from 
below OV then it will start-up going positive. If it 
stopped after approaching from above OV then it will 
start-up going negative. 


Initialization 

In order to synchronize the ML2036 you must first 
initialize it so it will start up at a known point in the 
sinewave. By using the Inhibit mode you can stop the 
part at OV but you can't be sure from which direction 
it approached zero, or more importantly which 
direction it will start-up. If you can guarantee that it 
stopped while approaching from below OV then you 
can be sure it will start-up going positive. This can be 
done if the LATI pin is not allowed to be high when 
the output is above ground. The circuit In figure 2 and 
the following procedure demonstrate how this can be 
implemented. 

Initialization Procedure 

1) Power up 

2) Set LAT high 

3) Set INH low 

4) Load MSB: 0001 0000 0000 0000 :LSB 

5) Set LAT low 

6) Wait at least 1 output cycle time 

7) Load all Os 

8) Set INH high (INH must go high before LAT by at 
least a NAND gate delay) 

9) Set LAT high 

10) Wait at least 1.5 output cycle times 
Output stops at OV going high 

11) Load desired frequency 

12) Set LAT low 

Output begins at OV going high 

13) Set INH low 
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Synchronization 

At the completion of step 10 the part is initialized. Its 
output is stable at about OV and will start up goihg 
positive. If you want to synchronize the output with 
some external event you can load the shift register with 
the desired frequency (step 11) and then set LAT low 
(step 12) synchronously with the external event. If you 
want to synchronize two ML2036 sinewave generators 
together initialize them both as described, and then set 
LAT low (step 12) on both circuits simultaneously. 


Precise phase control between two parts can be 
achieved by initializing both parts, starting one and 
then waiting a known time before starting the other. 

For example, to produce two 5kHz sinewaves with 90° 
phase shift you should wait 50//s between starting each 
circuit. Since the ML2036 uses a 3MHz reference clock 
to update the output (assuming a 12MHz clock is used 
to drive CLKin) the phase resolution will be 0.6°. This 
resolution will vary from 0.0012° for two 10Hz signals to 
6° for two 50kHz signals. 



Figure 2. 
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William Cho Designing with lOBase-T Transceivers 


Micro Linear's family of 10Base-T transceivers offer 
highly integrated solutions for internal and external 
MAUs (Media Attachment Units) as well as HUB MAUs. 
These chips offer a high performance current drive 
transmitter with very low jitter and RFI noise. The 
ML4652 and ML4658 are 10Base-T transceivers that 
provide an AU interface for internal and external DTE 
MAUs while ML4654 and ML4655 provide TTL and ECL 
interfaces suited for Multiport Repeaters. 

The following application note will cover some of the 
design issues that arise when designing either type of 
Media Attachment Units for Local Area Networks based 
on 10Base-T. 

Internal (Embedded) MAUs with Shared AUl Port 

Figure 1 shows a detailed schematic for an internal 
MAU design with a shared AUl (Attachment Unit 
Interface) port. The optional port requires additional 
circuitry as defined in the IEEE 802.3 specifications for 
proper termination and protection at the serial 
interface chip (or Manchester Encoder/Decoder) and 
the 10Base-T transceiver chip connected to an AUl 
port. 

An AUl connection requires termination impedance of 
780 on the receive end of the transmission lines (Dl 
and Cl). As such R1 and R2 in parallel with R3 and R4 
provide the proper termination. This also applies to 
the receive output pins 4 and 5 of the transceiver chip. 
The 3570 resistors for R3 and R4 was chosen to 
properly bias the driver circuitry (see section on AUl 
driver output). The 2kO values for R7 and R8 were 
chosen to provide the BIAS voltage for Tx+ and Tx- 
inputs. This also will not load down the 780 
transmission line when the AUl port is connected and 
the transceiver chip is tri-stated. The output AUl 
drivers of the transceiver chip must be tri-stated to not 
load down the transmission lines when the AUl port is 
connected and the twisted pair port is disconnected. 
Powering down the chip will tri-state the outputs. 

The transceiver can be powered down by switching 
Vcc to GND as shown or by switching the ground 
connection to open condition. A logic level MOSFET 
with an "on" resistance (Rqson) of 0.50 or less can be 
used by connecting to the ground pin of the chip to 
power down the chip. When switching the ground off 
one must also include the ground connections of the 
driver resistors of COL and Rx outputs (R3, R4, R11, 
and R12). Another method of powering down the 
transceiver is to use an external mechanical switch as 
shown. 


The isolation transformer is required for protection of 
the transceiver chip from 16V with respect to the 
system ground at the AUl interface during a fault 
condition as specified in 74.1.6. and 74.2.6 sections of 
the IEEE 802.3 standards for both the driver and the 
receiver. 

If a shared AUl port is not required, then the design 
becomes simpler. Figure 13 of the datasheet shows AC 
coupling between the serial interface and the 
transceiver. This is to block DC bias voltage of the 
serial interface chip that may not match that of the 
transceiver. Micro Linear's transceivers require the 
input bias to be between 2.5V and 4.5V for Cl and DL 
If the two chips are compatible one can eliminate the 
AC coupling capacitors and bias resistors. By using a 
DC coupled interface, biasing the driver outputs is all 
that is needed for proper operation (Figure 2). 

Twisted Pair Interface 

The twisted pair connection to lOBase-T requires 
additional filtering and isolation components. The 
output structure of the twisted pair drivers are of the 
current drive type. This poses several very significant 
advantages when driving the twisted pair medium. 
Because the drivers are current driven, the differential 
outputs are well matched for a balanced signal 
transmission. Balanced transmission is crucial for 
meeting tight regulations on signal shapes. Also current 
driven outputs produce lower common-mode voltages 
for a lower EMI radiation. This can be a very significant 
issue when facing FCC regulations. Another advantage 
to current mode is that output drive, can be easily 
adjusted to compensate for losses in the transformer 
or output filter. RTSET will set the level of output drive 
current by the relationship: 

RTSET = (RL/100) * 220 

where RL is the characteristic impedance of the 
twisted pair cable. 

The twisted pair differential output will see an effective 
resistance of 500 from the parallel combination of the 
two 2000 resistors and reflected secondary AC line 
impedance of 100O for unshielded twisted pair. By 
driving 42mA to the 500 complex load, the differential 
signal voltage will swing +2.5V peak around the 5V 
bias point when taking transients into consideration. 
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Figure 2. DC Coupled Interface for DTE Card Application 


The isolation and filter components for both transmit 
and receive lines can all be integrated into one dip 
package style module. One such product can be 
obtained from Valor Electronics in San Diego. There are 
several other manufacturers who have these products 
available (refer to Figure 13 in the datasheet). 

The output chokes shown in Figure 1 will pass any 
differential signal but block common mode voltages. 
Because Micro Linear's 10Base-T transceivers have very 
low common mode output voltage, this extra filtering 
choke may not be needed. Good board layout will also 
help. 


5V 



External MAU 

An external MAU design typically adds more LED 
outputs for status indication and adds circuitry for 
configuring the chip for SQE and Link Test options (See 
Figure 12 of datasheet). The selection of SQE and Link 
Test circuitry can be implemented in various ways. One 
such option is to use two SPDT switches to produce 
the proper voltage levels (Figure 3). The selected 
voltage to the SQEN input pin (pin #4 for ML4652 and 
ML4658) will internally configure the chip for the option 
to activate SQE test or Link test. 

AUl Driver Output 

The output structure of the driver stage connecting to 
the AUl is an open emitter type. The output is biased 
at typically 4.2V when high and 3.6V when low. That is 
a differential voltage of about +0.6V across a 78Q load 
which calculates to about 7.7mA output current during 
transmission. A 3600 resistor at the output pin sets its 
current at 11.7mA when high and 10mA when low. In 
the case when the positive output Is high, the current 
do) flowing out of Its drive transistor is the sum of 
7.7mA and 11.7mA (Figure 4). That means the current 
flowing out of the negative output is 10mA minus 
7.7mA. It then becomes apparent that the termination 
resistance must be low enough as to not shut off either 
of the output drive transistors but not too low as to 
saturate the transistor and dissipate excessive power. 



TRANSMISSION 

CABLE 


Figure 4. AUl Driver Circuitry 


SQE Test 

Link Test 

SQEN Pin 4 

Enable 

Enable 

5V 

Enable 

Disable 

3.3V 

Disable 

Enable 

OV 

Disable 

Disable 

1.2V 


Figure 3. Mode Selection Circuit 
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Jon Klein 

Generating Fixed Frequency 
Sine Waves with ML2035 

The ML2035 Programmable Sine Wave Generator is a 
convenient solution for generating accurate sine waves. 
Often an accurate fixed sine wave reference is required in 
applications such as Uninterruptable Power Supplies. 
Normally a microcontroller or microprocessor is used to 
program the ML2035's output frequency. 

Most power supplies do not incorporate a microprocessor. 
This application note will show several alternate methods 
for programming the ML2035 for 50 or 60Hz sine wave 
output using off-the-shelf components. 

The circuit in Figure 1 programs the ML2035 for 60Hz. 

The circuit shifts in the decimal number 141 to get to 

60Hz with a NTSC color burst crystal (3.579545 MHz). 

The 'HC4060 counter is used as an oscillator and timer. 

Q5 stays high for 16 clock cycles. During the first 8, the 
'HC165 shifts out the codes on A thru H which are the 
complements of 141 (Binary 1000 H OT)ISB to MSB 
respectively. During that time, Si on the 'HC165 shift 
register is also high. That means that for the next 8 clock 
cycles the Q BAR output will be low, loading in O's for the 
most significant 8 bits. SCK on the ML2035 and CLK on 
the shift register are run from complementary phases of 
the oscillator, since the 'HC165 changes data on the rising 
edge of its CLK and the ML2035 latches the same data on 
the rising edge. 



Figure 1. Programming the ML2035 for 60Hz. output using NTSC color burst crystal. 
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When Q5 goes low again, Q6 goes high providing a reset 
for the counter and also a short pulse for the LATl input. 
The 1 K resistor between Q6 an the 4060 Reset line delays 
the reset slightly, effectively stretching the LATl pulse to 
50nS. 

This circuit could also be run from +1OV and GND by 
creating an ''artificial ground" at 50% of the 10V line (two 
IK resistors and a lOpF capacitor). 

For 50 Hz output use the code shown in the table 1. 

The circuit in Figure T allows the use of an inexpensive 
and readily available crystal, but has the disadvantage of 
not being "single pin" programmable for 50/60 Hz. The 
circuit in Figure 2 requires a non-standard, more 
expensive crystal frequency but has the advantages of 
being pin programmable for 50/60 Hz and eliminating the 
shift register. A 2.4576 MHz crystal is a standard value. A 
frequency of 2.467238 MHz is required to generate 
exactly 50 and 60Hz with no error. 



These lower frequency (below 3.5Mhz) crystals, however 
tend to be larger in size and significantly more expensive. 


Four 

D(dec) 

Hex 

Value 

Binary 

Value 

Frequency 

Error 

50 

170 

AA 

1010 1010 

-0.39% 

60 

204 

CC 

1100 1100 

-0.39% 


Table 2. Data Codes and error terms for ML2035 using a 
2.4576 MHz standard crystal 


Table 3 shows the codes necessary to generate 50 and 
60 Hz sine waves with the circuit in Figure 1 from various 
standard crystal frequencies. Note that for the highest 
accuracy, the 4.194304 MHz crystal yields both 50 and 
60Hz sine waves with no frequency error. 


Fcrystal 

(MHz) 

Foot 

D(dec) 

D(hex) 

74HC165 Code 
ABCD EFGH 

Error 

4.00 

50 

105 1 

69 

1001 0110 

0.14% 

4.00 

60 

126 

7E 

1000 0001 

0.14% 

4.194304 

50 

100 

64 

1001 1011 

0.00% 

4.194304 

60 

120 

78 

1000 0111 

0.00% 

6.00 

50 

70 

46 

1011 1001 

0.14% 

6.00 

60 

84 

54 

1010 1011 

0.14% 

8.00 

50 

52 

34 

1100 1011 

-0.82% 

8.00 

60 

63 

3F 

n00 0000 

0.14% 


Table 3. Shift register values and frequency errors for 
various standard crystal values (fig 1). 

To generate 400Hz and 1 KHz tones, the circuit of Figure 2 
must be modified to shift in 0 for the first 8 dock pulses 
and the data in table 4 for the last 8 clocks. This can be 
accomplished by replacing the "Data Decode" blocks of 
Figure 2 with the decoding shown below. 


Fcrystal 

(MHz) 

Fqut 

D(dec) 

D(hex) 

74HC165 Code 
ABCD EFGH 

Error 

6.5536 

400 1 

512 

200 

1111 

1101 

0.00% 

6.5536 

1000 i 

1280 

500 

1111 

1010 

0.00% 


Table 4. Generating 400Hz and 1 Khz sine waves 



Suggested Crystal Manufacturers: 

Nymph/Saronix: (415)855-6829 

Pletronics: (206) 776-1800 
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Manijeh Fadaee Designing an IEEE 802.3 FOIRL Transceiver 


Introduction 

The ML4661 FOIRL Transceiver with the ML4621/ML4622 
fiber optic quantizer construct both an internal and 
external Fiber Optic Inter-Repeater Link (FOIRL) 
described in the IEEE 802.3 standard. The ML4661 
through its standard 802.3 AU interface can be 
connected to an AUl cable, Ethernet Manchester 
Encoder/Decoder or Fiub controller. The following 
topics will be discussed In this Application Note: 

1) ML4661 Features 

2) ML4621/ML4622 Features 

3) Filtering Power & Ground 

4) Attachment Unit Interface 

5) Interfacing ML4661 to National DP83950 Repeater 
Interface Controller 

6) Interfacing ML4661 to AT&T T7201 Multi-Port 
Repeater 

7) FOIRL system specification 

8) lOBase-FL (ML4662) 

9) Layout Considerations 

10) Initial debug of the FOIRL/IOBase-FL board 

ML4661 Features 

The ML4661 integrates many of the functions needed 
for an FOIRL transceiver. The Attachment Unit Interface 
complies with the IEEE standard offering Transmit, 
Receive, and Collision pair signals. Data transmission 
includes transmit squelch, a 1MHz Idle signal, and the 
jabber function. The receiver accepts ECL compatible 
levels from the ML4621 or ML4622 quantizer, passing 
through the receive squelch and onto the AUl. The com¬ 
plete FOIRL state machine Is also incorporated 
Including collision detect, loopback, and low light 
conditions. 



Figure 1. 

*LED = *BIAS + *OUT 


One of the features is the capability to disable or 
enable the SQE function. This allows an FOIRL 
transceiver to be connected to a DTE as well as a 
repeater. When connecting to a DTE, SQE must be 
enabled. When connecting to a repeater, SQE is 
disabled. The forthcoming lOBase-FL specification 
includes SQE test, however, most FOIRL compatible 
equipment today supersedes the standard by including 
the SQE feature. 

The ML4661 transmitter consists of a current driver 
output (TxOUT) which directly drives an HP fiber optic 
LED transmitter (HFBR1414 ). The output structure of the 
driver stage (TxOUT) is an open collector (NPN) acting 
as a current source as shown in Figure 1. 

The IKQ pulldown resistor on the TxOUT pin prebiases 
the LED by applying a small forward current while the 
LED is In the "off" or low light state. The prebias 
current prevents the junction and parasitic capacitances 
from discharging completely when the LED is in the 
"off" state, thus reducing the amount of charge that the 
driver must transfer to turn the diode back on. 

The resistor on the RTSET pin controls the amount of 
current driven by this pin (TxOUT). RTSET and the 
pulldown resistor together set the extinction ratio. To 
calculate RTSET value for a certain sink current 
(maximum 80mA) at TxOUT use this equation: 

RTSET = (52mA/louT) 1620 

The ML4661 Transmitter has been designed to drive the 
cathode of the LED (note: higher optical power 
transmitted corresponds to the low logic state). Current 
flowing through the LED corresponds to a logic low. 
When TX- > TX+ (DO on AUl), current flows and this 
will be a logic low. When TX+ > TX- (DO on AUl), no 
current flows (except bias) corresponding to a logic 
high. 

The receiver inputs are ECL levels (the ML4661 receiver 
Inputs) coming from the ML4621 or the ML4622. When 
LMONin (TTL) coming from the ML4621 or the ML4622 
is low, and the level of the received signal exceeds the 
receive squelch requirement, the receive data is 
buffered and transmitted out to Dl pair. 

The five LED status outputs are active low, open 
collector outputs. They provide a visible status of the 
link as follows: 

is on when transmission is taking place. 

RCV: is on when the transceiver is receiving a frame 
from the ML4621 or the ML4622 (V|n+ and V||s|-). 
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CLSN: is on when the transmitter and the receiver are 
active at the same time (collision). When a collision 
takes place a 10MHz + 15% square wave with a 50% ± 
10% duty cycle will be sent out to COL+ and COL- 
output pins. 

jAB: turns on when the transmitter is on for more 
than 20 to 150 Msec. When the jabber is on, in 
order to not bring down the network, the jabber 
logic disables the transmitter and turns on the 
collision signal COL+ and COL-. 

LMON: is on when LMON|n coming from the ML4621 
or the ML4622 is low and there are signal transitions on 
RX+ and RX-. 

ML4621/ML4622 Features 

The ML4621/ML4622 data quantizer is used for signal 
recovery applications in Fiber Optic systems. The 
ML4621/ML4622 has a wide bandwidth and large gain 
which makes it capable of accepting an input signal 
from a fiber optic receiver as low as 2mV. This analog 
input gets converted to digital outputs at the TTLOUT 
pin or ECL+ and ECL- output pins. 

The TTL output has been disabled in this application 
Note by pulling up TTLycc TTLgnd since ECL 
output levels are required by the ML4661. The 3K 
pulldown resistors on the ECL outputs of the ML4621 
keep the outputs biased in their operating range. Due 
to internal pulldown resistors In the ML4622, the 
external pulldown resistors are not required if the ECL 
output are the only outputs being used. The ML4661 
inputs present a minimal load to the ML4621/ML4622 
ECL outputs. 

ML4621/ML4622 include a two stage input limiting 
amplifier with a DC restoration feedback loop. The 
bandwidth of the ML4621 can be adjusted to the 
particular needs of the application with the capacitor 
across pin 7 and 8 (CF1 and CF2 for high corner 
frequency). The .1//F input capacitors on V|n+ and 
ViN- set the low corner frequency. (The output source 
impedance of the fiber optic receiver must be kept low 
"about 500" to make the input capacitors on V|n+ and 
V|N- effective). 

Since the logic condition for the 802.3 FOIRL Is as 
follows: 

"light" = 0 
"dark" = 1 

The received signal has to get Inverted before it goes 
to the RXIN+ & RXIN- inputs of the ML4661. When the 
output of the Fiber Optic receiver (HFBR2416) Is 
connected to the V|n+ of the ML4621/ML4622, the 
signal Is non-inverted at the ECL+ & ECL- outputs. 
Therefore, the ECL+ must be connected to the RXIN- of 
the ML4661 and the ECL- to the RXIN+ of the ML4661. 
The output of the Fiber Optic receiver (F1FBR2416) may 
be connected to the VIN- of the ML4621 to invert the 
ECL outputs of the ML4621/ML 4622. If this is done, the 
following connections must be made. 


The Link Monitor function is implemented by the 
minimum signal discriminator and the threshold 
generator circuits. The TTLlinkmon and ECLlinkmon 
outputs both Indicate when the input data signal is less 
than a user defined acceptable level. This is done by 
monitoring the Input signal and peak detecting the 
output of the limiting amplifier and comparing this 
level with the voltage at Vthadj- Whadj's set by the 
user as specified In the data sheet. To set the minimum 
input signal of the ML4621 to 3mV, Vrep can be tied 
directly to Vjhadj to provide 2.5V at Vjhadj- 

ML4621: Vthadj = 600 V,nth(P) + .7V (1) 

ML4622: VthaD) = 500 V|nth(P-P) (2) 

In these equations V|nth is the peak or peak to peak 
value of the input signal. The receiver sensitivity can be 
calculated when the Hewlett Packard HFBR2416 with a 
typical responsivity of 6mV/^fW is being used. 

ML4621: V|N-pH(P) = 3mV(Peak) (Vthadj = Vref) 

Received Power = 6mV(P-P)/(6mV/^^W) 

= ^^J^N = -30dBM (PEAK) 

ML4622: V|nth(P-P) = 5mV(Peak to Peak) (Vthadj = Vref) 
Received Power = .S33ij\N = -30.7dBM (PEAK) 
Note: Peak Power = Average Power + 3dBM 

This meets the IEEE802.3 FOIRL receiver specifications. A 
lower threshold level can be set by dividing down Vref 
with a resistor divider, as shown in Figure 2b. By 
choosing IK and 140Q, the Vthadj will be 2.2 volt in 
the ML4621 which will set the minimum power level at 
about 2.4mV peak and minimum launch power at 
-33dBM (considering worst responsivity of 4.5mV//[/W). 
However due to a better stability of the link monitor in 
the ML4622, both standards will be met considering the 
worst conditions by tying the Vthadj to Vref- For more 
detailed information refer to Application Note 6 and 
Application Brief 1. 

In the case of oscillation at TTLlinkmon^ hysteresis can 
be added to the ML4621 in two different ways as 
follows: 

1) Adding a feedback resistor from the TTLlinkmon 
output to the Vthadj (this will only work if a resistor 
divider is being used to arrive at Vthadj)- 

2) A capacitive feedback can be implemented by 
connecting a capacitor from the TTLlinkmon to the 
ISET pin on the minimum signal discriminator (this 
will apply if Vref ‘s tied to the Vthadj- 

Note: Adding a 300 ohm to 600 ohm pull-up resistor 
at the TTLlinkmon to +5Volt may be needed for the 
stability. 

Based on the layout, the value of the hysteresis resistor 
and capacitor change. Adding 7pF capacitor in the 
ML4661EVAL board (Fig. 10) will serve this purpose. 

Since hysteresis has been added internally to the 
ML4622 to increase the stability, the external hysteresis 
components are not required. 


ECL+ - RXIN+ 
ECL- - RXIN- 
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NOTE: IF TTLOUT IS USED, TIE GNDTTL TO UNFILTERED GROUND 
AND REMOVE LI. IF TTLOUT AND ECL OUTPUTS ARE BOTH 
USED, ADD 3k PULLDOWN RESISTORS AT ECL OUTPUTS. 


Figure 2A. Fiber Optic Receive Circuit A 



from HFBR 
2416 


Figure 2B. Fiber Optic Receive Circuit B 
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Filtering Power and Ground 

Filtering is necessary since unintended feedback 
through the power supply system (the metallic 
conductive path of the +5V power line or the Ground 
reference line for the receiver) can create sustained 
oscillations or degrade the sensitivity of the receiver. 
Filters in the power supply for the post-amplifiers, 
comparator stages and the receiver, prevent noise 
generated by the quantizer output from being 
conducted back through the power system to the input 
amplifier stage. 

The quantizer inputs are sensitive low level inputs. Vcc 
and Ground Decoupling are necessary. Disabling the 
TTL output (by connecting TTLgnd s^d TTLycc to Vcc) 
of the quantizer will also reduce noise. 

Attachment Unit Interface 

The ML4661 and the ML4621 can be used as an internal 
MAU with the option of having a shared ADI port or as 
an external MAU. Figures 3, 4, 5, and 6 show a detailed 
schematic for these three configurations. 

Internal MAU: The AU interface may be AC coupled 
through .1//F capacitors across DO, Dl, Cl pair (Figure 3). 
They may be DC coupled if the DC levels DO (2V to 
Vcc - -SV), Dl (3.6V to 4.5V), Cl (3.6V to 4.5V) of the 
manchester encoder/decoder & the ML4661 are the same 
(Figure 4). (If DC coupling is used, the BIAS pin is not 
connected and the 390 resistors are not needed.) If AC 
coupling interface is used, DO which is an input must 
be DC biased (shifted up in voltage) through the BIAS 
pin for the proper common mode input voltage. 

Dl and Cl are emitter follower outputs which need 
external 1K0 or greater (depending on the particular 
manchester encoder/decoder) pulldown resistors to 
ground. 

By using 1K pulldown resistors we can minimize power 
dissipation by not having to drive the 78Q AUl cable. 

Internal MAU with Shared AUl Port: The AU interface is 
AC coupled through isolation transformers T1 (Figure 5). 
This is to protect the transceiver chip, from 16V with 
respect to the system ground at AUl interface during a 
fault condition (as specified in 74.1.6 and 74.2.6 section 
of the IEEE 802.3 standards for both the driver and the 
receiver). In addition, it blocks the DC offset voltage of 
the AUl port that may not match that of the transceiver. 
An AUl connection requires termination impedance of 
780 [(R1+R2)||(R3+R4)] on the receive end of the 
transmission lines (Dl and Cl). The 3570 resistors for R3 
and R4 are chosen to properly bias the driver circuitry. 
The 2K resistors on TX+ and TX- provide common 
mode bias input voltage for the ML4661. 

The 2430 resistors (R5, R6) drive the DO pair (either the 
DO pair of the AUl port of the ML4661). The output 
AUl drivers of the transceiver must be tri-stated in 
order to not load down the transmission lines when 
the AUl port is connected and the FIBER OPTIC port is 
disconnected. Powering down the chip will cause the 
outputs to be In tri-state (refer to Application Note 13). 
This power down circuitry is shown in Figure 5. 



Figure 7. AUl Driver Circuitry. 

External MAU: The AU interface is AC coupled through 
isolation transformers (Figure 6). An AUl connection 
requires termination impedance of 780. Two 390, 1% 
resistors tied to DO pair provide impedance matching 
(780) as well as the proper common mode input 
voltage to the ML4661. 

Dl and Cl pairs are emitter follower outputs. The 
output structure of the driver stage (RX+, RX-, COL+, 
COL-) is open emitter (Figure 7). The output is biased 
at typically 4.2V when high and 3.6V when low. That is 
a differential voltage of about + .6V across a 780 load. 

The pulldown resistors have to be chosen such that 
during transmission, a minimum of 2.0mA can be 
sourced by RX- or COL-. By using a 3600 pulldown 
resistors the RX- or COL- source 2.3mA and the RX+ or 
COL+ source 19.4mA as follows: 

It = .6V/780 = 7.7mA 

lo+ = h + It 

lo+ = (4.2V/360O) + 7.7mA 
lo+ = 11.7mA + 7.7mA 
!o+ = 19.4mA 
Iq- + It = I 2 

lo- = I 2 - It 

lo- = (3.6V/360O) - 7.7mA 
Iq- = 10mA - 7.7mA 
Iq- = 2.3mA 

The termination resistance must be low enough 
(minimum 2000) to not shut off either of the output 
drive transistors, but not too low in which case the 
output transistors could saturate. 

Interfacing ML4661 to DP83950 

The ML4661 and ML4621 can be used in a HUB 
application. Figure 8 shows the interface between the 
ML4661 and the National Semiconductor DP83950 
Repeater Interface Controller (RIC). The Dl and Cl pairs 
are DC coupled but DO is AC coupled with .1//F in 
each lead. The 1KO pulldown resistors on the Dl & Cl 
pairs provide the necessary source current to drive Dl 
& Cl pairs. 
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NE521 



Figure 9a. RCV 


Interfacing ML4661 to T7201 

The T7201 is AT&T Multi-Port Repeater. The analog 
front-end of the T7201 Interface Is shown in Figure 9A. 

It consists of two main sections, Transmit and Receive. 

Transmit Section: The T7201 to line driver interface 
consists of the six signals from the T7201 (MXTD, 

MTXD, PD3-PD0, PDCTL). 

The T7201 HUB controller distributes the signal to all 
ports with the exception of the one that transmitted 
the data. The 74LS154 decodes the PD3-PD0 address 
lines. The output of the 75LS154 then selects and 
disables the port that the data was received from. The 
MC10H351 that is selected (disabled) is the only output 
that is not transmitting data to Its respective transceiver. 

The manch ester d ata is prov ided by the T7201 on the 
MTXD and MTXD lines. The MTXD transmit output pin 
of the T7201 gets converted to the ECL differential pair 
by the MC10H351 and will drive the transmit pair (TX+ 
and TX-) of the ML4661. 

Receive Section: The ECL differential receiver output 
(RX- & RX+) of ML466T must be converted to a TTL 
single ended signal. This is accomplished with the 
NE521. 

In addition, the incoming receive signal is fed into a 
gated line receiver RCV which is controlled by the 
squelch circuitry. 

Squelch Circuit: The squelch circuit differentiated noise 
from valid incoming data on the receive pair. It does 
this by detecting signals that are above a preset voltage 
threshold level for a sufficient period of time. When 
there is no signal on the receive pair, the squelch 
circuit disables the line receiver, and deasserts the 
TPC0-TPC11 signal to the T7201. When a signal above 
the threshold arrives, TPC0-TPC12 is asserted, and the 
line receiver is enabled. The squelch circuit ensures 
that the receive circuits in the T7201 are operating only 


during packet reception. The circuit shown in Figure 9 
uses a high-speed comparator (NE521) with an offset 
threshold. The output of this comparator Is fed to a 
retriggerable timing circuit that controls the TPC0-TPC11 
signal to the T7201. To ensure recognition of the Idle 
(end of packet signal), and to prevent midpacket 
deassertion of TPC0-TPC11, the timing circuit should be 
set to detect positive pulses between 1.5 and 2.0 bit 
times (200ns). The timing circuit can be implemented 
by using a quad flip-flop (74F175) clocked from a 
20MHz clock generator. The 74F175 activates TPCO- 
TPC11 for the pulses greater than 200mV, within 150ns 
to 200ns timing window (four 20MHz clock cycles). 

FOIRL System Specifications 

Some of the key parameters required by the IEEE 802.3 
FOIRL Standard are listed below: 

Transmitter Specifications 

1) Peak Emission Wavelength = 790 to 860nm. 

2) Spectral Width < 75nm. This is determined by 
measuring the Full Spectral Width at Half Maximum 
Amplitude (FWHM) of the LED optical emission. 

This parameter must be measured at the maximum 
temperature at which the LED will be operated. 

3) Minimum Extinction > 13dB 

Extinction = I P|(on) " Pt(OFF)I/ where Pj = peak 
transmitted optical power measured In dBm. 

4) Optical Rise/Fall time Tr and Tp < 10ns. 

5) ITr - Tpl < 3ns. 

6) Transmitter Jitter < 2ns. 

7) Pt(MAX) =-9dBm (PK) 

Launched power into 62.5/125 fiber with NA = .275 

8) Pt(MIN) = -15dBm (PK) 

Launched power into 62.5/125 fiber with NA = .275 
at the beginning of the LED lifetime. 

9) Pt(MIN) =-18dBm (PK) 

Launched power Into 62.5/125 fiber with NA = .275 
at the end of the LED lifetime. 
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Receiver Specifications 

1) Overdrive limit = -9dBm (PK) maximum. 

2) Sensitivity > -27dBm (PK) minimum. 

3) The data output of the receiver must be inhibited 
before the Bit Error Ration of the fiber optic link 
degrades to greater than 

Total Link Specifications 

1) Jitter at receive out < 4ns. 

2) Transmitter/Receiver must be compatible with fibers 
having the following core/cladding diameters: 

50/125, 62.5/125, 85/125 and 100/140. 

3) Link must operate at a maximum length of IKm 
with each type of fiber. 

lOBase-FL 

The IEEE 802.3 lOBase-F task force has proposed a new 
fiber optic Ethernet standard that will update the 
original 1987 FOIRL standard. This proposed standard 
known as lOBase-FL describes a fiber optic link segment 
with enhanced performance and backwards compatibility 
with FOIRL. One of the enhancements for lOBase-FL, 
SQE test, is already included in the ML4661. This allows 
a FOIRL MAU to connect to a HUB or a DTE. Other 
modification have to do with extending the fiber optic 
cable length from 1,000 meters to 2,000 meters, and 
internal state machine modifications. 

The ML4662 is a lOBase-FL transceiver which is pin 
compatible with the ML4661 and meets the lOBase-FL 
standard. This new part will plug into an existing 
ML4661 socket and be pin for pin compatible. Note 
that since the fiber optic cable length has been 
extended for lOBase-FL, the Receive Sensitivity 
specification has been improved from -27dBm peak for 
FOIRL to -32.5 dBm average for lOBase-FL. An FOIRL 
design using the ML4661 today may want to target a 
receive sensitivity of -32.5 dBm average so that the 
product can be upgraded to lOBase-FL without 
a redesign. 

To upgrade a FOIRL MAU to lOBase-FL, the following 
steps should be taken: 

1) Replace the ML4661 with the ML4662. 

2) Remove 50pF to lOOpF capacitor across RRSET 
(pin 13 of the ML4661). 

3) Set the receive sensitivity for -32.5dBM (average). 

Layout Considerations 

The fiber optic transceiver consisting of the ML4661 
transceiver and the ML4621/ML4622 fiber optic quantizer 
are simple to implement from a data point of view. 
Electrically, the quantizer is resolving 2 mv signals in a 
logic environment that has an abundance of 5 volt 
signals. The fiber optic receiver and the quantizer 
require careful layout, attention to noise coupling, and 
very clean power supply busses. The following 
recommendations should be considered while laying 
out the printed circuit artwork. 


Power Supply 

1) Isolate and filter the power and ground to the 
ML4621/ML4622 (analog portion) and HP receiver 
(to ensure that noise is not coupled into the low 
level receiver inputs). This can be accomplished 
with a pi filter that has a 4 to 7/yH inductor in both 
the power lead as well as the ground lead. 

2) Make sure that adequate decoupling is used on 
both sides of the pi filter, on each chip, and at the 
fiber optic transmitter and receiver. The fiber optic 
receiver should be decoupled from the +5 Volt 
Filtered bus with a 10 ohm resistor and decoupling 
capacitor. Allow room for large (.47//F) decoupling 
capacitors and determine if they can be reduced 
during testing of the prototypes. 

Ground Plane 

1) The printed circuit board should be a 4 layer board 
with the +5V. and ground each providing a shielding 
plane on the inner layers. The fiber optic receiver 
and the ML4621 analog front ends should have its 
own power supply planes separate from the +5 Volt 
and Ground planes for the remaining circuitry. 

These planes should be separated by an air gap 
physically and electrically by the power supply pi 
filter from the logic +5 volt and ground. 

2) Connect unused pins of HP receiver to the low level 
receiver Ground. 

Transmitter 

1) The transmitter output (TXOUT) traces should be as 
short as possible and make them wide to lower 
their characteristic inductance. 

2) Keep RRSET and RTSET traces (of the ML4661) and 
resistors away from each other. 

General Layout 

1) The physical layout for the receiver should be in a 
straight line to minimize the trace lengths and 
potential for noise coupling between the logic 
signals at the output of the quantizer and the low 
level signals on the inputs. 

2) The trace from the output of the HP fiber optic 
receiver to the ML4621/ML4622 (V||sj+, Vi^-) should 
be as short as possible and shielded if possible. 

3) Because of the high gain low level input circuitry in 
the ML4621/ML4622, parasitic feedback from the 
high-level logic-compatible output must be kept to a 
minimum in order to prevent undesired oscillations. 
This is accomplished with a layout which physically 
separates the receiver inputs (V|n+, Vi^-) and 
outputs (ECL+, ECL-, TTLOUX CMPEN, TTLunkmoN/ 
ECLunkmon)- 

4) If the TTL outputs of the ML4621/ML4622 are not 
used. Connect GNDTTL and VCCTTL to +5 volt (this 
will disable the TTL driver). 


Micro Linear 


10-97 








+5V 



Application Note 15 








Application Note 15 


Initial Debug of the FOIRL/IOBase-FL Board 

1) AUl is connected but Fiber Optic cable is not 
connected. 

a) Look for IMHz Idle signal at pin 18 of the 
ML4661. If there is no Idle signal, verify the 
following: 

i) Ground and -F5V to the ML4661. 

ii) RRSET must be 61.9k (1%) at pin 13 of the 
. ML4661 to +5V 

iii) RTSET should be 162 ohm at pin 12 of the 
ML4661 to +5V to set the current driven by 
the TxOUT to 52mA. 

b) The LMON LED must be OFF. If the LMON LED is 
ON, check the TTLlinkmon- I^ it is low, measure 
the noise level at filtered power and ground, 

V|N+ and V|N- of the ML4621/ML4622. If the peak 
noise level at the input of the ML462174622 is 
greater than the minimum Vinth (Equations 1 
and 2), the TTLlinkmon gets activated (low). 

c) The RX LED must be OFF. Otherwise there must 
be transitions on RX+ and RX- (pins 25 and 26 of 
the ML4661) less than 3//sec apart because of one 
of the following reasons: 

i) Too much noise at the Inputs of the ML4621 
(not filtering properly). 

ii) Feedback between the inputs and outputs of 
the ML4621/ML4622 (poor layout). 

iii) Crosstalk between TxOUT (pin 18 of the 
ML4661) and inputs of the ML4621/ML4622 
(poor layout). 


2) Connect Receive Fiber (F1FBR2416) to Fiber Optic 
LED transmitter (HFBR1414) which Is sending active 
idle signal. (Either from another MAU's LED 
transmitter or from the same MAU's LED transmitter 
with loopback disabled.) 

a) Tne LMON LED must go ON and the RX LED 
must be OFF. If the LMON LED is OFF, verify the 
following steps: 

i) The Receive Power must be within the 
FOIRL/1 DBase-FL standard range. 

ii) Verify the idle signal at V|n+ or V|n- of the 
ML4621/ML4622. 

iii) TTLlinkmon (P'n 2 of the ML4621) must be 
low. 

b) If the RX LED is ON as well as the LMON LED, 
check step 1c. 

3) Start to transmit. The LMON and TX LEDs must 
be ON. The RX and CLSN LEDs must be OFF in 
the transmitting MAU if two MAU's are being 
used. In this case. If the RX and CLSN LEDs are on, 
check step 1c. 

4) Disconnect the Fiber Optic cable from the 
HFBR2416. The LMON LED must go OFF. If the 
LMON LED stays on, check step 1b. The RX LED 
must be OFF. Otherwise check step 1c. 

5) After successfully completing the Initial debug of 
the FOIRL board, verify that the board meets 
FOIRL/10Base-FL specifications. 

Figure 10 is the schematic of the FOIRL evaluation 
board (ML4661EVAL) which meets the FOIRL standard. 
This board incorporates all the above critical points of 
the layout as shown in Figures 11 through 16. The 
ML4661EVAL Is available for purchasing. 
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Theory and Application of the ML4821 
Average Current Mode PFC Controller 


I. THEORY OF OPERATION 

The ever increasing importance of power factor correction 
has prompted the design and availability of many power 
factor controller Integrated Circuits. Power factor 
correction requires special control circuits that are able to 
force the input current waveshape to be sinusoidal and in 
phase with the input sinusoidal voltage. 

There are several ways that this can be accomplished. 

One method is the average current mode controlled boost 
topology power factor correction circuit/ using the 
ML4821 dedicated average current mode controller iC. 
This paper is going to present enough theoretical 
background information along with practical examples to 
enable the design of such circuits. 

Average current mode control can produce a high quality, 
input sinusoidal current waveform. Although it can be 
used with many different power supply topologies, it 
excels when it is used with the continuous inductor 
current, boost topology. 

Power Factor Correction 

What is power factor? Enough has been said and written 
in the past couple years about this question. Therefore We 
are not going to elaborate on it. Instead we are going to 
look into how a power factor correction circuit operates. 

Figure 1, shows the simplified block diagram of a power 
factor correction circuit. The circuit functions by 
monitoring the input full wave rectified line voltage as 
well as the output voltage. The two feedback signals are 
combined to set up the current trip points that shape the 
input current waveform to be sinusoidal and yet still 
regulate the output over line and load variations. 


From now on we are going to use the acronym PFC 
Instead of power factor controller. 

Figure 2 shows the basic circuit diagram of a PFC with all 
necessary connections made. The heart of the circuit is 
the current modulator. The modulator consists of a linear 
multiplier, a current amplifier, and a PWM comparator. 
These three functional blocks enable the circuit to force 
the input current to be sinusoidal. 

A current that is proportional to the input full wave 
rectified voltage is produced with the help of resistor RL. 
We will call this the reference. The reference is applied to 
one of the inputs of the multiplier. The other input of the 
multiplier is the output of the error amplifier. For the time 
being we are going to assume that the output of the error 
amplifier changes slowly compared to the line frequency. 
This is in general true since the bandwidth of this 
amplifier is set low by its feedback components. 

The multiplier is a current input type. This enables the 
multiplier to have greater ground noise immunity. When 
there is a current at its input, its terminal voltage is a diode 
drop between 0.7V and IV. In fact it is part of a current 

mirror. Therefore a voltage source of low impedance 
should never be applied to this input. 

The output of the multiplier is current that is the product 
of the reference current and the output of the error 
amplifier that monitors the output voltage. This output 
current is applied to resistor Rc (see Figure 2). This voltage 
subtracts from the sensed voltage across Rs and is applied 
to the current error amplifier. Under closed loop control 
the current error amplifier will try to keep this voltage 
differential close to zero volts. This forces the voltage 


CURRENT SENSE 



Figure 1. Top level block diagram of the power factor controller 
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IMPORTANT! PLEASE NOTE CONTROL AND POWER CIRCUIT GROUND 
REFERENCING FOR PROPER OPERATION 


Figure 2. Basic RFC circuit 


produced by the return current on Rs to be equal to the 
voltage across Rc. Since this requires dissipative sensing, 

Rs is a power resistor of very low value. 

The amplified current error signal is then applied to the 
inverting input of the PWM comparator. The other input of 
the PWM comparator is the ramp generated by the timing 
capacitor of the oscillator. Pulse width modulation is 
obtained when the amplified error signal that sets up the 
trip point modulates up and down. 

The rest of the circuit is very similar to conventional PWM 
control schemes. In this topology however, the loops 
operate around zero volts. 

Multiple Loop Control 

The PFC circuit is a multiple loop controlled circuit. There 
are two control loops, not counting the fault control loops 
such as peak current limit and overvoltage protection. 


The first loop is the current loop that forces the input 
current to be sinusoidal. The second loop is the output 
voltage control loop that keeps the output voltage above 
the peak of the input voltage. The output voltage of a 
continuous inductor current boost regulator has to be set 
above the maximum peak of the input voltage in order to 
function correctly as a PFC. For a PFC that will operate to 
260VAC the output voltage should be at least 370VDC at 
Its minimum point. 

To gain familiarity with the operation of the PFC it is 
necessary first to understand the waveforms and signals at 
the various critical points. Some of these waveforms are 
shown at the top of the schematic of Figure 2. By 
definition the average value of the input current follows a 
sinusoidal shape. That means also that the average value 
of the boost inductor L has to be sinusoidal. We say the 
average value because there is current ripple at the 
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switching frequency. 10OKHz is a good trade-off point 
between inductor size and circuit efficiency. Switching 
losses in the circuit will include major losses In the 
MOSFET, output diode, and the inductor. Because the 
MOSFET is charged to the output voltage at every turn-off, 
switching losses will be significant at any input voltage 
and output current. The output diode must reverse recover 
high current with the full output voltage. Core losses in 
the inductor will not be as significant because the 100KF^z 
AC ripple current is relatively low compared to the almost 
DC 120Hz rectified sinusoidal current. 

For the purposes of this next analysis we are going to 
ignore the current ripple in the inductor. Lets also assume 
that somehow the MOSFET duty cycle is such that the 
inductor is forced to carry a current that has a full wave 
rectified sinusoidal waveshape. From the operation of the 
boost circuit there needs to be equilibrium throughout the 
entire 50Hz or 60FHz cycle. Large signal equations 
describing the operation of the boost circuit should hold. 


^OUT = 


VlN 

^-^ON 


( 1 ) 


and 


Don = 


VqUT - ViN 
^OUT 


Since Vjf^ = V/yv(0 = V2V/yv/?M5|sin(ty0i we get 


( 2 ) 


= doN (0 = ~ '^^INRMS |sin(6)r)| 

youT 


(3) 


Also by definition 


iK0 = V2-^^^|sin(t<)0| 

^INRMS 


(4) 


the output load current. It flows through the output load. 
The AC part however flows through the output capacitor 
C. Consequently it may become a parameter when 
determining the value of this capacitor. 

Now lets get back to the loops of the RFC. Earlier we 
mentioned that there are two control loops; an inner high 
bandwidth current loop and a much slower outer voltage 
loop. Figure 3 shows the two loops in block diagram form. 
First we are going to examine the two loops separately. 
Then we are going to see the criteria for proper 
connection. 


CURRENT 

CONTROL 

LOOP 


POWER 

STAGE 


VOLTAGE 

CONTROL 

LOOP 


Figure 3. The two loops of a PFC. 
Inner current loop and outer voltage loop. 


The MOSFET current is the inductor current chopped at 
high frequency with the above duty cycle. The diode 
current on the other hand is the inductor current chopped 
at high frequency with duty cycle (1 - doN(t))- 
substituting we can get an expression for the average 
current that passes through diode D (i.e. ID = idd)). 


Note that the little hat on top of the variables denotes 
average value. 

L(t) = iL{t)(l-doNiO) ( 5 ) 

By substituting (3) and (4) into (5), 

4i(() = 2^^21sin2(a,0=> 

'^OUT 

youT youT 

As can be seen from the above equation the diode current 
consists of two parts. It has an average value consistent 
with the output power and output voltage (first term). Also 
it has an AC component with a peak value equal to that of 
the average value. The DC part of this current is simply 



Figure 4. The power stage. 
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The Current Control Loop 

The current control loop coristitutes the inner loop and its 
job is to force the input current waveshape to follow the 
shape of the input voltage. It does this by modulating the 
duty cycle of the MOSFET in the power stage. The input 
voltage is a full wave rectified sinewave. Thus it is 
harmonically rich. The current control loop along with the 
power stage has to have enough bandwidth to follow this 
full wave rectified waveform. It can be shown that a 
bandwidth of a few KHz is sufficient. In order to proceed 
we need to derive expressions that give the responses of 
both the power stage and of the current loop. 

As can be seen from Figure 4 the input of the power stage 
is the duty cycle output of the current pulse width 
modulator. Therefore we can describe the power stage as 
a functional block that has as its input the duty cycle 
information and as output the sensed voltage across the 
sense resistor Rs. The average current that flows through 
this resistor is equal to the average current that flows at 
the input of the RFC. 

We can define 


from zero to full duty cycle. If we assume that the 
deadtime is very small (normally around 5%) the gain of 
the PWM stage becomes 

GpWM=^-^ ( 11 ) 

Now we can combine the gains of the power and PWM 
stages to get the following 


GpsT = 


_ ^OUT^S 
V-(s) 5.5sL 


( 12 ) 


Note that in actuality V- (s) = Therefore the 

overall current loop response will be determined by the 
responses of the current amplifier and the power stage. 
The overall response will be dictated by the required 
current loop bandwidth. For good waveform quality the 
total response should have a bandwidth of a few KHz. 


Determination of the Current Loop Bandwidth 

There is a theoretical upper limit for this bandwidth and is 
given by the following equation 


Gps{s) = 


ysG) 

Don(s) 


(7) 


fcLCO ~ ^ 


( 13 ) 


as the gain of the power stage. The response can be found Thus for an operating frequency of 10OKHz the maximum 

by assuming that the output voltage is constant and by allowable current loop bandwidth is approximately 

using the state space averaging technique. The response 16KHz 

shows a single pole roll off and is given by 


sL 

SmceVs{s) = RslL{s)^ 


sL 


The Gain Adjustor 

Analysis of the voltage control loop shows that as the RMS 
AC input voltage goes up, the system gain increases by 
Vrms- The gain increases with input voltage since the 
input voltage drives the one input to the multiplier. The 
second term is because the dl/dT on the inductor 
increases in proportion to the input voltage. 


The above expression gives the small signal gain of the 
power circuit in the complex s-domain. It is the ratio of 
the sensed current waveform voltage to the incremental 
changes in the duty cycle. We can go one step further and 
incorporate in the above power stage gain the gain of the 
pulse width modulator. To do this we first have to find the 
gain of the modulator itself. For that we have to know the 
amplitude of the applied ramp to the noninverting input 
along with the allowable voltage swing range at its 
inverting input. The gain of the modulator is 


GpwM = 


AV- 


( 10 ) 


where AV- is the voltage at the inverting input of the 
PWM comparator. 

For the ML4821 the amplitude of the oscillator is 5.2V 
peak to peak. Therefore when the voltage at the (-) of the 
PWM comparator changes by 5.2V the duty cycle goes 


Since the gain varies with Vrms /l^hen follows that the 
unity gain crossover frequency of the loop will change 
with a 1:8 ratio as the line changes from 90VAC to 
260VAC. This complicates the loop design since the wide 
variation in crossover frequency would require the low 
line crossover frequency to be set very low while the high 
line crossover frequency would be set high. 

The ML4821 cancels the square law dependency by 
adjusting the gain of the multiplier as a function of the 
RMS input voltage. The multiplier gain is equal to: 

_L 

kV 

Where k assumes one of two values in the active region 
(active region is the voltage range that appears on pin #8 
that corresponds to the desired operating input voltage 
range). Voltage on pin #8 is a scaled down average of the 
rectified input AC voltage. Below we are going to see 
ways for designing an appropriate network that will 
accomplish this task. 
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Lets take a look at Figure 5. This curve shoves the gain 
adjustor gain with respect to the voltage at pin #8. The 
curve has been separated in two parts. The right hand part 
is for operation under normal conditions in the voltage 
range from minimum line voltage to maximum line 
voltage (90VAC to 260VAC). 85VAC on the curve has 
been chosen to account for tolerances. Under normal 
operating conditions as input voltage decreases the gain 
increases compensating for the drop in the loop gain. 

Under brownout conditions (below 85VAC) the gain 
decreases to limit the amount of current that is drawn 
from the line thus preventing an overload condition. This 
is a very useful feature since in many cases the load for a 
PFC is a constant power load. The input current has to go 
high to compensate for a drop in the input voltage. 



VOLTAGE ON PIN #8 


Figure 5. K-factor. Gain adjustor gain with 
respect to the voltage at pin #8. 


FI 



Figure 6. sensing network. 


Figure 6, shows the way pin #8 should be connected to 
the input line, The network consists of R8, C3, R9, R15 
and C7 to form a two stage RC low pass filter and voltage 
divider. To calculate the values of the components, we 
must first select the minimum operating voltage point. 
Then we correspond this to the start of the brownout 
condition. From Figure 5, this is 85VAC which 
corresponds to approximately 2V at pin #8. On the same 
axis 2.8V corresponds to 120VAC. In other words when 
the input voltage is 120VAC the voltage at pin #8 must be 
2.8V. Therefore the output voltage of the below filter/ 
divider network should be 2.8V. 

The RMS value of the input sinewave is equal to the RMS 
value of the full wave rectified sinewave after the full 
bridge rectifier. The average value of the full wave 
rectified sinewave on the other hand is proportional to its 
RMS value and they are related as follows 

K 

The average voltage at pin #8 is given by 




R\5 

RS + R9 + R15 


^AVG 


( 15 ) 


Assuming: 

R8 = 910K 
R9 = 91K 

R15 can be found by equating the above equation 
to 2.8V and solving it. 

This yields an R15 value of 27K. The values of C3 and C7 
are chosen for good attenuation at 120F1z and minimum 
delay. Typical values are as follows 

C3 = 0.1|LiF 
C7 = 0.47|.iF 

For most applications these values are good even though 
the values of the resistors may change to accommodate 
different brownout or operating conditions. The values are 
output power independent. 

With the gain adjustor functional, the multiplier output 
current is given by 

sine (^EAOUT “0.8) (16) 

where 

/ 5 //^£:= reference current through pin #5. 

K = gain adjustor gain (this quantity is dependent on the 
voltage present at pin #8). This is related to k from 
previous discussion. But is not equivalent. 

Vea out= output voltage of the error amplifier. 

The rnaximum value of the multiplier output current is 
limited by the value of the timing resistor and it is given 

by 


Imomax 


_ 2.5 

Rj 


(17) 
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Typical value for R21 for lOOKHz operation is 6.2K, in 
which case I^o max = 400juA. 

It is a good idea to limit the maximum output current of 
the multiplier below the current limit point, but high 
enough to get maximum output power. 


Output Capacitance 

This a good point to talk about the output capacitance. 
The parameters that affect its choice are listed below 

1. Hold-up time capability, usually 20msec for 
computer power supplies. 

2. Ripple current handling capability. 

3. Allowable third harmonic distortion. 

The hold-up time capability is the amount of time at rated 
output power that will take the capacitor voltage to 
discharge to a minimum operating voltage. The start point 
of the dropout should be the minimum operating output 
voltage, for this type of RFC this is usually less than the 
nominal value of 380VDC. 


CouT = 


^PpUTtHLD 
yl _ yl 

^OUT MIN ^OP MIN 


(18) 


where: 

CouT= output capacitance. 

Pout = output power. 

tnuD = hold-up time, normally 20msec. 

VpuTMiN- minimum value of the output regulated 
voltage, normally happens at full load. 

Vop min = minimum input voltage of the driven 
load, usually a switching power supply. 

The chosen capacitor should be able to handle the ripple 
current that will flow through it. The peak value of this 
ripple current, as it was found earlier is equal to the 
output DC current. The RMS ripple current through the 
capacitor is 


OUT RMS - 


huTDC 

V2 


(19) 


The third consideration in the determination of the output 
capacitor is the output ripple voltage which can be found 
using the following 


\^OUTRIPPLe\p^^j^ =huTDC 


1 


^^fuCoUT 


+ ESR^ ( 20 ) 


where: 

line frequency. 

ESR = ESR of the of the output capacitor. 


Depending on the amount of the output capacitor the 
contribution of the ESR on the output ripple voltage may 
not be ignored. 

The output ripple voltage will contribute to the third 
harmonic distortion of the input current. The actual 
amount will depend on the value of the output ripple 
voltage and the gain of the error amplifier at 120Hz. 


The Voltage Control Loop 

The inner current control loop can be modelled as a 
controlled current source. This simplifies the analysis of 
the voltage control loop. 

Typical loads for a PEC are switching power supplies 
which are essentially constant power loads. These kinds of 
loads exhibit negative resistance at their input terminals. 
An increase in the input voltage causes a drop in the input 
current. It is therefore important that the voltage control 
loop error amplifier is correctly compensated. The two 
other types of loads are the constant resistance and the 
constant current. 

Before we proceed with the design of the voltage control 
loop we have to analyze the loop to find out what 
parameters affect its dynamics. Earlier we mentioned that 
this loop has a very low bandwidth. If the bandwidth of 
this loop is high, excessive amount of the second 
harmonic component present at the output will be 
injected in the control loop causing third harmonic 
distortion of the input current. 

Typical values for this loop are between 10Hz and 20Hz. 
To find the open loop voltage gain we have to calculate 
the change in the output voltage of the error amplifier that 
produces the required maximum output power change. 
This can be calculated by using the following expression 


^^EAOUT = 


Pin 

RmO X ^ X ^RMS 


( 21 ) 


where: 

Pin - maximum input power. 

Rs = current sense resistor. 

Rl = input voltage sense resistor that connect to pin #5. 

Rmo = resistor at the output of the multiplier. 

K = gain adjustor gain at VrmS/ ^rom the curve of 
Figure 5, K at 120VAC is 0.23. 

Vrms = input RMS voltage, this voltage is normally 
120VAC. 

Thus the open loop gain can be found to be 


=201og-——--—- ( 22 ) 

f CoUT^OUTDC^^EAOUT 


where: 

Gvol. - open loop response for the voltage error 
amplifier. 
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The above expression gives the response of the magnitude 
with respect to frequency. The response has a -20dB/ 
decade slope and a constant phase lag of 90 degrees. 

A suitable error amplifier configuration is shown in 
Figure 7. 


VouT SENSE 



Figure 7. Error amplifier configuration. 

Calculation of the output voltage sense resistors 

and Rf. We have to pick a value for the output voltage 
under full load. The load regulation of the RFC can be 
expected to be 15 to 30V. Therefore if we pick a minimum 
output that is high under full load, there is the danger that 
under no load conditions the output voltage will be over 
400V. Normally a minimum value of 370\/ will result at a 
high value of less than 400V. The reason for this 
seemingly poor regulation is the configuration of the error 
amplifier with a feedback resistorthat is close in value 
or less than Much better DC regulation can be 
obtained by using a blocking capacitor in series with Rp 
but it will degrade the transient response of the circuit 
introducing a bounciness to the input current under 
transient conditions. 


VouT SENSE 



MINIMUM E/A VOLTAGE = IV 
MAXIMUM E/A VOLTAGE = 4.4V 


UNDER DC STEADY STATE 
OPERATING CONDITIONS 
THE VOLTAGE AT THIS 
NODE IS ALWAYS 5V 


Figure 8. DC part of the feedback circuit. 
It is used for sense component calculations 


The output Voltage of the error amplifier should be 
designed for 4 to 5 volts maximum at full load. Higher 
voltage gives better noise immunity and dynamic range. 
However that means the output voltage will have a larger 
variation due to its influence on the output voltage 
dividers. A good place to start is 4.4V. A value ioY R^ is 
picked that is normally between 680KQ and 1MQ. In this 
case we are going to pick 825K1^. The value of the ■ 
feedback resistor is found based on the loop design 
criteria. With these two values and minirnum output 
voltage defined, /?/ can be calculated using the following 
formula. 


i^OUTMIN - 5 ) - 0 . 6/?/2 


(23) 


See Figure 8 for definitions of the parts. 

With the above chosen and calculated values one now 
can calculate the maximum output voltage under no load 
conditions as follows 


^OUT MAX = Rh 


( 

4.3 



+ 5 


(24) 


Calculation of the OVP components: The sense resistors 
for the OVP circuit are easier to calculate. The voltage at 
which point the OVP circuit will act is being determined 
in part by the maximum tolerable voltage at the output 
before damage due to overvoltage that can occur. A good 
rule of thumb which may not be applicable in all cases is 
to set a voltage that is 10 to 15V higher than Vovtmax 
calculated by the above expression. Therefore 
Vovp = ^ OUT MAX + lOV. 

OVP protection is facilitated by connecting a voltage 
divider to pin #11. The high side of this divider is 
connected to the output terminals of the PFC and the low 
side to ground. For the time being we are going to call 
these two resistors RovPh Rqvpi- We are going to 
assume a value for the high side resistor and calculate the 
value of the low side. For that purpose one can use the 
following formula 


^OVPl - 


^^OVPh 

yovp - 5 


(25) 


The OVP pin on ML4821 is a multifunction pin. Pin #11 is 
also used for remote shutdown. When this pin is pulled to 
ground the 1C shuts down. The pin can be pulled to 
ground using a small signal FET or bipolar transistor such 
as the 2N2222. Due to this multifunctionality, the pin 
should be biased higher than 1 .OV whenever the part 
needs to be operated without the input power applied. 
Extreme care should be exercised however when input power 
is applied. It should be made sure that the voltage on this 
pin reflects the correct divided down output voltage for 
safe operation. 
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SGND I—I 



Figure 9. Block diagram of the ML4821 


Block Diagram of the ML4821 

Figure 9, shows the block diagram of the ML4821. So far 
we have covered most of the functions of this IC. But there 
are additional functions to extend its usefulness in various 
applications. 

One of them is the SYNC function that enables the IC to 
frequency lock to an external oscillator. Pin #10 is 
reserved for this function. A positive pulse on this pin of 
2V or higher resets the oscillator's comparator and 
initiates a discharge cycle for the timing capacitor 
connected to pin #17. For proper operation however the 
ML4821 oscillator should be set to operate at a frequency 
that is roughly 10-15% lower than that of the external 
driving source. 

The rectangular block labeled multiplier combines both 
the multiplier function and the gain adjustor functions that 
we mentioned earlier. 

Another useful function is the Soft Start function. This may 
be a useful function in some applications where 
controlled output voltage rise is desired. To use this 
function effectively however it is necessary to have an 
auxiliary bias power supply able to supply and maintain 
power to the control circuitry while the output voltage of 
the PFC is rising up slowly. The amount of the Soft Start 
capacitance required is a function of the delay in the 
output voltage rise time and the internal charging current. 

The undervoltage lockout function of the IC can be used 
for off-line start-up as shown in Figure 10. 

The Boost Inductor 

One of the key components in the PFC is the boost 
inductor. The value of this inductor affects many other 


design parameters. Most of the current that flows through 
this inductor is at low frequency (assuming low 
percentage ripple). This is particularly true at the lowest 
input voltage where the input current is highest. 

Normally the acceptable level of ripple current is between 
10 and 20%. For operation at lOOKHz the following 
formula will produce acceptable results 


L = 


300 

Pout 


mH 


(26) 


The peak to peak ripple current for any input output 
voltage combination can be found by using the following 
formula 




^IN (ypUTDC - ^IN ) 
f pypUTDC 


(27) 


where: 

C/yv = peak value of the input full wave rectified 
waveform. 

/= operating frequency. 

For an output voltage of 380V the maximum peak to peak 
ripple happens when the input voltage is 134VAC and its 
value can be calculated using 


^Lp^P MAX = 


^OUT DC 
4/L 


(28) 


This ripple current which has a triangular shape will 
produce a ripple voltage at the switching frequency and 
its harmonics on the input impedance. 
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The Input High Frequency Bypass Capacitor 

This capacitor which should normally be at the line side 
of the input bridge rectifier helps to bypass the high 
frequency ripple current. Its impedance is few Ohms at 
the switching frequency. Therefore there is a need for 
additional filtering at the input, if differential conducted 
noise specifications are to be met. Note that this capacitor 
has to be an approved across the line type (an X-type 
capacitor). 

II. DESIGN OF A 200W, lOOKHz PFC 

The complete schematic diagram of a 200W PFC is shown 
in Figure 10. We are going to cover in detail the pin by 
pin design of this PFC. We will use the formulas and the 
procedures presented in the previous sections. Although 
the design is at 200W it can easily be extended for power 
levels above that. 

We are going to start the design by choosing the main 
components such as the boost inductor LI and output 
capacitance. 

The Boost Inductor: We can use (26) for the calculation of 
the inductor value 


approximately 80% of its zero current inductance at 4.0A. 
Therefore the inductance value will drop to 1.2mH at 
4.0A. This will be the value that should be used to 
recalculate the peak to peak ripple current when time 
comes to design an input filter for the PFC. Also because 
the ripple current will increase, the current limit point 
should be set higher to account for this variation. 

The Output Storage Capacitor: At an earlier section we 
mentioned the criteria for the selection of this capacitor. 
Lets assume that we need a hold-up time of 20msec and 
the output voltage is allowed to drop from 370V to 330V 
before regulation is lost in the driven switching power 
supply. We can use (18) to calculate a capacitance value 


^ 2 x(200W)x (20msec) ^ 

= ■(i70V)2l(330V)2 = (30) 


The rated voltage of this capacitor should be at least 450V. 
The closest standard value offered by UNITED 
CHEMI-CON is 270)liF type SMC with a voltage rating of 
450V (a 330jiF can also be used). Note that two 
capacitors of lower voltage rating can also be connected 
in series (i.e., 250V) provided that shunt ballasting 
resistors are also used. 


L = ^mH = 1.5mH (29) 

200 ^ ^ 

The maximum peak current that this inductor will see is 
simply the peak of the input sinusoid plus 1/2 the ripple 
current due to the switching action at 85VAC. Assuming 
90% efficiency the input power will be 222W. This results 
in an input RMS current of approximately 2.6Arms with 
corresponding peak value of 3.7A. The peak to peak 
ripple current at 85VAC is 540mA. Therefore the peak 
inductor current will be 4.0A. The choice for the core 
material should be such that the inductance value will not 
change when this current passes through the winding. 

It is important to remember that the higher the inductance, 
the lower the ripple current, which in turn means less 
filtering required on the input line to meet line conducted 
noise requirements. It also means lower core losses. The 
cost is more number of turns. 

Good candidates for core materials are: 

Powder Iron Cores 

Mollypermalloy Cores 

Gapped Ferrite Cores, provided that the gap is not 
excessive. 

Normally for any reasonable core material, core loss is not 
an issue due to the large number of turns required for such 
an inductor. The critical parameter is the change in their 
permeability under high current excitation, and a large 
number of turns. Therefore a careful analysis should be 
made to determine suitability of a core material for the 
given application. 

For the present application we are going to choose a 
powder iron core of toroidal form. The core material is 
from Micrometals Inc., and the part number is T184-40 
and it will contain 102 Turns. The inductor will maintain 


The Output Diode: The output diode (D10) should be an 
ultra fast type capable of supporting the peak input current 
for a couple of milliseconds. Power dissipation is the 
limiting factor. For this design an MUR850 was chosen. 
Note that various manufacturers may be working on 
diodes with better reverse recovery characteristics. 

Surge Bypass Diode: This diode labeled D9 on Figure 10 
helps to bypass surges at the input line during start-up. 

This prevents possible saturation of inductor LI. 

Output Circuit Very High Frequency Bypass: Capacitor 
Cl 6 serves this purpose. It is used to control the output dl/ 
dT loop. It can be a high voltage high frequency ceramic 
type of 0.01 pF. 

Oscillator Circuit: Pins #12 and 17. 

Timing resistor (R21): The choice for this resistor sets both 
the charging current for the timing capacitor, and some 
other internal currents. One of them is the maximum 
multiplier current (see formula 1 7), For a PFC operating at 
lOOKHz a typical value for this resistor is 6.2K. 

Timing capacitor (C11): For details on how to calculate its 
value refer to data sheet. For this application its value is 
720pF. 

Gate Drive: Pin# 14 

The gate driver of the 1C can directly drive power 
MOSFETs, normally a series resistor is used to damp any 
oscillations that may arise due to parasitic trace 
inductances and the gate capacitance. Its value should be 
chosen such that it will not result in excessive switching 
losses. If two paralleled MOSFETs are driven then their 
gates should be decoupled using two individual gate 
resistors. 

For this example a gate resistor of 1 QTi was used. 
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Figure 11. Current limit and current sense circuit connections 


Depending on the layout a Scholtky diode may be 
necessary across the gate drive to ground due to substrate 
current injection which can produce unpredictable 
behavior. The cathode should be connected to pin #14 
and anode to ground. It should be placed as close to the 
1C as possible. Substrate current injection occurs when an 
output pin is forced more than about 0.5V below ground. 


load. Under those conditions the OVP circuit will activate 
preventing further rise. 

Formula (25) is used to set the activation limit of the OVP 
circuit. 

From Figure 10, assuming the value of R20 = 825K, R19 
can be found as follows 


Power and Signal Grounds; Pins #13 and 18 

These two grounds should go to ground plane and they 
should be connected together with the shortest possible 
trace length. 

Vref* #16 

The Vref pin the 1C should be decoupled very well with 
a high quality ceramic capacitor. Atypical value is IjiF. 

For higher power levels (Pqut > 500W) additional 
capacitance may be required for proper operation. 

Overvoltage Protection: Pin #11 

This protects against accidental increases of the output 
voltage. As soon as a voltage higher than the set limit is 
detected the 1C stops sending pulses to the MOSFFT, until 
the voltage has dropped to safe limits. In a boost regulator 
if the voltage loop ceases to operate the only way to limit 
the output voltage from rising to destructive levels is the 
overvoltage protection circuit. 

Also due to the low bandwidth of the voltage control loop 
there may be situations that the voltage may rise to 
destructive levels such as sudden removal of the output 


, 5x(825xl03) 
400-5 


Vcc:Pin#15 

This is the supply pin of the 1C. Normally a quality 
ceramic capacitor should be connected to this pin as 
close as possible to the body of the 1C for effective 
decoupling. For low power applications (< 500W) IpF 
may be sufficient, but for higher power applications 
experience shows that two individual capacitors could be 
necessary. 

In order to facilitate off-line start-up the 1C has a large 
Under Voltage Lockout hysteresis. For bootstrapped 
operation a reservoir capacitor (Cl 4) is charged with a 
small current through R10 which is connected to the input 
high voltage line. When the voltage on this capacitor 
reaches 16V the 1C "wakes-up". A winding on LI (see 
Figure 10) "steals" part of the energy to supply the current 
requirements of the 1C. This way the circuit continues to 
operate. 

The time that it takes initially for the voltage to reach 16V, 
and therefore for the circuit to start, is a function of the 
resistor R10. This is a power resistor and for as long as 
power is applied it wastes power, usually about 2W. 
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The value of Cl 4 is being determined by the current 
requirements of the circuit. Cl 4 has to be sufficiently large 
for the circuit to bootstrap. However it should not be too 
large because it will take a long time initially to charge it 
to 16V, and turn on the 1C. 

Current Limit: Pin #1 

As in every switching regulator, there is a need for current 
limit in the PFC as well. To understand its operation better, 
lets look at Figure 11. 

The current limit point is set by R11 and R5. The value of 
R5 can be selected first. Then the value of R11 is 
calculated using the following. In this case R5 = 2.0K. 
Assuming a current limit voltage of 1.2V across the sense 
resistor. 

Vi /w«l 

where: 

//^ = current at which limiting action should start. 


Design of the Curreht Loop 
Amplifier Components: Pins #2, 3, and 4. 

The design of the current loop is one of the most critical 
tasks in the overall design. To do that we have to have 
knowledge of the open loop response of the power stage. 
Equation (12) gives this response which is plotted in 
Figure 12. 



100 IK 10K lOOK 


Rl - sense resistor. 

«11 = —(2.0K) = 8.2K 
1.2 

For proper operation, the sense voltage across Rl that 
triggers the current limiting action should be greater than 
the sense voltage produced at low line and full load. In 
this case current limiting action starts when the sense 
voltage is 1.2V. Therefore at full load and at low line the 
sense voltage should be less than 1.2V. A 15% less voltage 
corresponds to 1 .OV. 

Current Sense Circuit: Pins #3 and 4. 


FREQUENCY (Hz) 

Figure 12. Open loop response of the power stage, and 
required boost for 16KHz loop crossover. 

The required gain boost for unity gain crossover at 16KHz, 
as set by (13), can be calculated by using (12). 


_ 380x0.24 _ 

2x;rx5.5x(16KHz)x(1.5mH) 


= 0.11 or -19dB 


(35) 


An appropriate current amplifier response that will 
accomplish this is shown in Figure 13. The equations that 
give the asymptotic gain response in each one of the three 
regions are given below. 


These two pins are used to sense the return current of the 
power circuit. The average value of this current is forced 
to follow the sinewave shape as being determined by the 
1C. Pin #4 is at the same time connected to the output of 
the multiplier. As you recall the maximum value of the 
multiplier output current was set to be 400)iA by the 
timing resistor R21. 

In the current limit section we said that at maximum 
power and low line the sense voltage should be 1 .OV. 
Therefore R6 should be chosen such that it will produce 
1 .OV at 400pA. 


l.QV 

400;UA 


2.7K 


(33) 


Earlier we calculated that the expected maximum peak 
current is 4.0A. Using this value Rl can now be 
calculated 


Rl = 10V^Q25a (34) 

4.0A ' ' 

The value of Rl 2 which is a feedback resistor for the 
current amplifier is chosen to be equal to R6. This is set to 
cancel out the input bias current of the current amplifier. 
Hence R12 = 2.7K. 


[1] . . . . 

. . . IGI .„=201og * 

' 2nfRnC5 

(36) 

[2] . . . 

••••|GU=201og|l| 

(37) 

[3] . . . 

_|GL„=201og ^ 

' lafRllCl 

(38) 


In order to complete the design of the current control 
loop, we have to calculate the feedback component 
values. Using (37) the value of Rl 3 is found as 


20 log = 19dB =» R13 s 20K ( 39 ) 


C5 =-=> C5 = 2.3nF 

2x7rx/x/?12xl02o 


(40) 
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IK 10K 100K 1M 

FREQUENCY (Hz) 

Figure 13. Desired current error amplifier response. 

where: 

/=3.5KHz 
/?12 = 2.7K 
Gain boost = 19dB 



IK 10K TOOK 1M 

FREQUENCY (Hz) 

Figure 14. Overall closed current loop response. 

The nearest standard value for R7 is 560K. With this 
resistor value, the Isine current should be calculated to 
check the input current range corresponding to the line 
input voltage range. The multiplier requires that the Isine 
current be less than SOOpA as suggested in Fig 8 of the 
data sheet. 


C2 =- - -—jj- => C2 = 120pF 

2x;rx/x/?12xl0 2o 


(41) 


where: 

/=68KHz 

With the values of the feedback components now 
calculated we can plot the overall closed loop response of 
the inner current loop. Keep in mind that logarithmic 
slopes and gain values just need to be added to get the 
overall response. The result is shown in Figure 14. 

Calculation of R7, the Isine Resistor: Pin# 5. 

In a previous calculation we have assumed that the 
maximum voltage of the error amplifier is 4.4V. The 
minimum voltage under normal operating conditions is 
about 0.8V. That necessitates a change in the output 
voltage of the error amplifier of 3.6V from no load to full 
load. Note that due to feedforward compensation the 
output of the error amplifier will not change for line 
variations. It is important also to note that the amplifier 
output is capable of going to 7.5V. 

Equation (21) can be solved for R7. 


Rl = 


^yEAOUT X X ^RMS ^ 
R1 X Pfj^ 


(42) 


Design of the Voltage 

Loop Amplifier Components: Pins #6 and 7. 

Equation (22) gives the magnitude of the open loop gain. 
The response has a -20dB/decade slope with constant 90 
degree phase lag. To proceed with the design of the error 
amplifier feedback components we have to pick the unity 
gain crossover frequency. In this application we are going 
to crossover the OdB line at 10Hz. 

The frequency where the open loop response crosses over 
the OdB (unity gain) line can be found by solving (22) for/. 

Figure 15, shows the open loop along with desired 
amplifier responses. 

y __ Pin __ 

2nCoUTyOUTDC ^yRAOUT 


/ = 


210 


2x;rx270xl0-6 x380x3.7 


= 88Hz 


(45) 


Now we can complete the design of the error amplifier 
feedback components. For unity gain crossover at 10Hz 
the amplifier needs to have an attenuation of 19dB at 
10Hz. 


20 log— = -19dB => RU = 92K 
R18 


(46) 


Substituting the known values in the above we get 


^^^ 3.7x0.23x1202x2200 
210x0.24 


= 535K 


(43) 


Then we calculate the value of C6. For that we look up 
the asymptotic break point of the response curve, which 
in this case is 40Hz. 


C6 = 


1 

InfRU 


_ 1 _ 

2x:7rx40x(92K) 


= 43nF 


(47) 
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1 10 100 IK 


FREQUENCY (Hz) 

Figure 15. Open loop and 
desired error amplifier response. 



1 10 100 IK 

FREQUENCY (Hz) 

Figure 16. Total voltage closed loop response. 
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Figure 17. Square RMS drain current 
versus input RMS voltage. 
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80 100 120 140 160 180 200 220 240 260 

VAC RMS 

Figure 18. Switching power loss for a 200W RFC 
operating at 10OKHz versus the input voltage. 


Figure 16, shows the overall closed voltage loop response. 


Voltage sense resistor calculation: 

R18 was already assumed to be 825K. R1 7 can be 
calculated using (23). 


= -.=1Q.38K 

91K(370-5)-0.6(825K) 


(48) 


Losses In The Power MOSFET Q1: 

There are three kind of losses in the power MOSFET, these 
are listed below: 

1. Conduction Losses, due to the conduction of the drain 
current. 

2. Capacitive Losses, due to the charge and discharge of 
the total drain source capacitance. This is a switching 
loss. 


The conduction losses can be calculated by using (49). 
Equation (49) gives the RMS value of the drain current 
which can be used to calculate the conduction losses. As 
can be expected it is a function of the input power and 
input and output voltages. 


^DRMS = 


2Pin 

yiNRMS 


1 '^-^yjNRMS 
4 2>kVout 


(49) 


The assumption made in the derivation of the above is 
that the ripple to average current ratio is very small which 
is normally true for this kind of RFC. It happens in the low 
input voltage range. In reality the nonzero ripple will 
increase the value of the calculated RMS current by a 
small amount. 


Figure 17 gives the value of the square of the RMS drain 
current with respect to the input RMS voltage. One can 
use this graph to calculate the power loss due to 
conduction in the MOSFET. This is simply 


3. Turn-On and Turn-Off Losses, these are also switching 
losses. 


PcMOSFET = IdRMS ^ ^D-S ON ( 50 ) 
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For our design example the minimum line was 85VAC. 
Using the graph above that corresponds to a value of 4.5. 
Using an IRF840 type MOSFET and assuming that its ON 
resistance at the operating temperature will be 50% higher 
than its 25°C resistance, the conduction power loss will 
be 5.4W. At 120VAC the power loss will be 2.2W, and at 
220VAC will be 0.34W! As you can see it is quite difficult 
to have an optimurri circuit at the same time with wide 
input voltage range. For specific applications where the 
input voltage range is narrow it is more advantageous to 
have the output voltage closer to the maximum peak of 
the input voltage. 

Lets give an example with respect to the last statement 
made in the paragraph above. Lets assume that the power 
level is still the same but that the operating voltage range 
is 85VAC to 135VAC and that the output voltage is 
200VDC. With these operating pararneters (50) yields a 
value of 2.99, which corresponds to power loss of 3.6W, 
Compare this to 5.4W in the above example. 

Normally efficiency measurements are made at nominal 
operating voltages i.e., 120VAC. Flowever the PFC should 
be able to function without failure at low line conditions. 
That necessitates careful selection of components and 
thermal design for good reliability. 

Capacitive losses in the MOSFET are due to discharge of 
the total drain source capacitance. We use the term total 
because the drain gate capacitance contributes to this loss 
too. The losses can be calculated using (51). 

If we assume a total capacitance of 350pF then (51) yields 
2.5W. 

PcAPD-S = ^^D-S^OUT fs ( 51 ) 

The calculation of switching losses are a little more 
difficult since they are a function of many things such as 
gate drive conditions that may include the physical layout. 
In any case an equation that can be used to give some 
indication of these losses is given below; 

(52) 

^ ^INRMS 

where: 

tTR = transition time 

fs = switching frequency (= TOOKHz in this case). 

Assuming waveform symmetry during both turn-on and 
turn off transitions and ignoring possible secondary effects 
we can use (52) to calculate the switching losses. Our 
example was designed at 120VAC and 21OW input with a 
reasonable value for the transition time of 50nsec. The 
resulting losses are approximately 3W. 

As a final step lets add up all the losses in the MOSFET for 
120VAC. The resulting total loss is 7.7W. If this yields an 
unacceptable efficiency, an optimized MOSFET switch 
should be used. Loss calculations can be made using the 
three equations. Note that the derivation of these 
equations is rather long and tedious requiring careful 
modelling. 


III. EVALUATING A PFC CIRCUIT 

This part of the application note will give practical 
information that may be useful when trying to get the 
bread board up and running to meet required 
specifications. It will show that measuring power factor, 
harmonic current content, and efficiency may impose new 
challenges to even experienced power supply design 
engineers. Also it will contain some performance data that 
may serve as a reference point. 

Waveforms 

Operating waveforms are shown in the following figures. 
They are taken with output at 200W and input at 120VAC. 
Figure 19 shows the power factor corrected input current 
waveform. Upper waveform is current at 1A per division. 
Voltage and current are in phase and identical. Figure 20 
shows the inductor waveform. The shaded portion of the 
upper waveform indicates the ripple current riding on top 
of a rectified sinusoidal current. The lower waveform is an 
expanded view of the upper waveform. Figure 21 shows 
the current limit waveform on pin 1. As the input current 
increases, the valleys of this waveform approach zero 
volts. Flowever, because the multiplier current is limited 
to 400jJ.A, the current waveform will sag before the 
current reaches the current limit level. Current limit level 
is reached during a transient condition when the inductor 
current increases rapidly before the voltage loop can 
compensate for it. Figure 22 shows the output of the 
current amplifier (pin #4). It sets up the trip points of the 
PWM comparator. 

REMINDER: The OVP pin requires at least 0.7V for the 
chip to begin operation. 

Layout 

Board layout is critical in this application as it is in any 
power control circuits. One must pay close attention to 
the high current circulating paths. The control circuitry 
and it associated ground plane should be away from the 
high current power paths as much as possible. Current 
should be steered away from the high impedance nodes 
such as the input to both error amplifiers as well as to 
both current limit and OVP comparators. Also magnetic 
fields generated by the magnetics components as well the 
switching power components can inject noise into the 
high impedance nodes such as that to the current limit 
comparator. The heat sink should either be grounded or at 
least AC coupled to ground by a high frequency ceramic 
capacitor and kept as far away from the 1C as possible. 

Power Factor 

Input power factor, harmonic current content, and 
waveshape are all used when describing the performance 
of a power factor circuit. It is important to keep in mind 
that regulatory specifications such as the IEC555 for 
Europe will require that just the harmonic current levels 
meet certain limits. The proposal currently sets these limits 
(for Class D) as a function of power level up to 300W. 
Above 300W, the limits are absolute. Thus even a low 
power factor number at high input line voltage can easily 
meet the limits since the input current level is 
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Tfek stopped: 522 Acquisitions 



Tfek Stopped: 366 Acquisitions 



Figure 19. Input current and waveform. 


lO.OmV lO.Ojjs 

Figure 20. Inductor current magnified 1K times. 


Tfek stopped: 1258 Acquisitions 



TfeK stopped: 317 Acquisitions 



Figure 21. Current limit comparator. 


Figure 22. Current amp output. 


proportionally low. Nevertheless power factor is a good 
parameter for measuring the capabilities of a power factor 
circuit. 

To measure power factor, one must have a very reliable 
power meter that accurately measures both apparent 
power (product of RMS voltage and RMS current) and true 
average power. Some of the older model meters measure 
power factor by determining the phase angle between 
current and voltage waveform. Obviously this will not 
work for our purposes. 

True average power for distorted AC waveforms can only 
be determined when the current and voltage are 
simultaneously sampled which is then multiplied and 
integrated. There are several meters on the market that are 
possible candidates for this purpose. But none that we 
have looked at seem to do the job as well as the one 
offered by Voltech. The Voltech PM1000 measures true 
power by sampling the waveform and analyzing the 
analog signal using digital methods. It uses DSP to filter, 
multiply, and integrate both voltage and current 
simultaneously. 

A study was done by comparing the results of a power 
factor measurement with the Voltech to that of another 
well known meter manufacturer who perform the 
multiplication and integration of the power signal VIA 


analog methods. Both meters gave nearly identical 
measurements when evaluated against a calibrated 
standard reference unit. However when the units were set 
up in the lab to measure power factor of an actual 
switching power circuit, only the Voltech gave the 
expected measurement readings. For whatever the reason 
the analog meter gave grossly false readings. Noise in the 
switching circuit is prime suspect. This does not suggest 
that meters with analog circuits can not be designed to 
reject noise and work effectively whatever the waveshape 
and environment. But one should be very careful about 
which meters are trustworthy when it comes to measuring 
power with non-sinusoidal and noisy waveforms. 

Harmonic current 

Harmonic current content can be measured using the 
Voltech PM1000. It gives a percentage of the fundamental 
up to the 13th harmonic. Results of this method was 
compared to that of the HP spectrum analyzer 3585A. The 
results were quite close. The Voltech PM3000 which is a 
three phase power meter measures harmonic currents to 
the 99th. Results show that harmonic current level beyond 
the 13th harmonic remain low throughout the spectrum. 
The proposed IEC555 specification is expected to require 
harmonic current content conformity to the 40th. 
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Efficiency 

The three power devices add up to almost all of the losses. 
The inductor, MOSFET, and diode were selected to meet 
desired performance specifications at relatively low cost. 
An IRF840 seemed to provide the best performance at 
these power levels. A larger MOSFET (APT5025) did 
improve efficiency at low input voltage. FHowever its 
larger output capacitance increased switching losses 
significantly at lOOKHz. A very common 8A ultra-fast 
rectifier (MUR850) was used for the output diode. This 
oversizing was done because larger diodes have lower 
reverse recovery times for a given current level. New 
diodes have been introduced with lower reverse recovery 
times. A low cost ferrite EC core was used with AWG21 
wires. There was very little temperature rise in the 
magnetic material. However the wires heated up at low 
input voltage where RMS current is significant. A low cost 
powdered iron with AWG20 magnet wire was also tried. 
Efficiency decreased about one percent. 

Efficiency measurement requires accurate measurement of 
the output average power as well as the input average 
power. Because the output voltage as well as output 
current is DC, one might just measure the two readings 
using typical lab bench top DMM. However for one 


reason or another, this output power measurement did not 
match the measurement results of the average power 
reading of the Voltech power meter. The output power 
measurement was off by a factor of almost 6%. The bench 
top DMM used was Fluke's 8050A. To get truly accurate 
efficiency measurements, the same power meter should 
be used to measure both the output power as well as the 
input power. 

Efficiency measurements for this application note was 
done on a Voltech PM3000 three phase power meter. This 
meter allows the connection of both the input power as 
well as the output power into one metering unit. 

Efficiency can be easily determined by measuring the 
input and output power with a push of a button. Accuracy 
however does not come easy even with this approach. 

The output power reading randomly varied up to 3% 
under steady state conditions. 

Two different model meters from the same manufacturer 
gave current reading that was off by two to three percent. 
This might indicate that even if one was to go out of the 
way to obtain two same meters from the same 
manufacturer, efficiency measurements as well as other 
parameters may not be guaranteed to be as accurate as 
one may require. 


Table 1. Performance Data 
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395 

54 

62 

0.99 

0.87 

387 

105 117 

0.99 

0.90 

379 

153 166 

0.99 

0.92 

371 

197 218 

0.99 

0.90 

V|N = 90VAC 


■fund = 

0.67A 


■fund = 

1.3A 



■fund = 

1.8A 



■fund = 

2.4 A 



3.5 

1.7 

0.04 

0.32 

0.30 

3.1 

1.6 0.02 

0.23 

0.21 

2.9 

1.5 0.05 

0.22 

0.24 

2.4 

1.6 0.20 

0.27 

0.37 


0.06 

0.05 

0.05 

0.01 

0.11 

0.04 

0.03 0.06 

0.01 

0.01 

0.09 

0.18 0.18 

0.12 

0.13 

0.24 

0.24 0.24 

0.15 

0.15 


393 

52 

61 

0.99 

0.85 

386 

105 115 

0.99 

0.91 

378 
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0.99 

0.94 

369 

194 212 

0.99 

0.91 

V|N = 120VAC 


■fund = 

0.51A 


■fund = 

0.96A 


■fund - 

1.3A 



■fund = 

1.8A 



3.7 

2.2 

0.12 

0.46 

0.37 

3.2 

1.9 0.05 

0.29 

0.25 

3.1 

1.9 0.01 

0.21 

0.26 

2.9 

1.9 0.09 

0.15 

0.12 


0.14 

0,05 

0.08 

0.05 

0.23 
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0.05 

0.03 

0.07 

0.05 0.09 

0.07 

0.03 

0.09 
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394 

52 

60 

0.96 

0.87 

385 

105 114 

0.99 

0.92 

378 
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0.99 

0.93 

369 
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0.99 

0.92 
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■fund = 
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■fund = 
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4.6 

2.3 

1.6 

2.1 

2.7 

4.7 

2.2 0.06 0.51 

0.49 
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2.0 0.03 

0.39 

,0.34 

4.4 

1.7 0.08 

0.31 

0.28 


1.9 

1.0 

0.87 

0.95 

0.66 

0.18 

0.17 0.12 

0.12 

0.08 

0.11 

0.12 0.12 

0.10 

0.04 

0.11 

0.09 0.09 0.04 

0.02 


393 

53 

61 

0.93 

0.87 

383 

102 114 

0.97 

0.90 

374 

150 162 

0.99 

0.93 

365 

192 207 

0.99 

0.93 

ViN = 220VAC 


■fund = 

0.28A 


■fund = 

0.52A 


■fund = 

0.71A 


■fund = 

0.95A 


5.4 

2.4 

0.21 

1.0 

1.0 

5.3 

2.8 0.02 

0.77 

0.51 

4.9 

2.3 0.08 

0.56 

0.35 

4.7. 

2.3 0.06 

0.47 

0.33 


1.8 

2.8 

2.7 

2.0 

1.0 

0.41 

0.47 0.38 

0.25 

0.15 

0.21 

0.25 0.23 

0.17 

0.06 

0.15 

0.21 0.18 

0.18 

0.04 


394 

53 

62 

0.87 

0.85 

387 

103 15 

0.95 

0.90 

379 
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0.97 

0.93 

372 

195 208 

0.98 

0.94 

V|N = 260VAC 


■fund = 

0.24A 


•fund = 

0.44A 


■fund = 

0.61A 


■fund = 

0.82A 


6.2 

4.5 

0.59 

0.76 

1.3 

5.3 

3.4 0.94 

0.47 

1.7 

4.9 

2.8 0.27 

0.63 

0.58 

4.7 

2.4 0.16 

0.51 

0.34 


0.96 

1.1 

0.36 

1.5 

2.3 

1.4 

0.80 1.0 

1.4 

1.0 

0.26 

0.35 0.53 

0.24 

0.10 

0.24 

0.26 0.38 

0.14 0.01 
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The following are specifications to two inductors that may 
be considered for the 200W PFC converter. 

Magnetics, Inc. 

(412) 282-8282 
OP44317 (Ferrite, EC) 

Np= 118turns, AWG21 
Ns = 5 turns, AWG30 
gap = 1.7mm 

Micrometals 
(714) 630-7420 

T184-40 (Powdered Iron, Toroid) 

Np= 102 turns, AWG20 
Ns = 3 turns, AWG30 


Performance Data 

Table 1 shows the results obtained from an application 
circuit. Pertinent power and power factor measurements 
were taken as well as the harmonic current content as a 
percentage of the fundamental. It is intended to be a 
typical reference point in which to judge new designs. It is 
not unlikely that the performance can be improved and 
optimized via various methods. 
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by Mehmet K. Nalbant 


Phase Modulated PWM Topology 

with the ML4818 


INTRODUCTION 

One of the biggest goals in power supply design is to get the 
maximum amount of output power while maximizing 
efficiency and minimizing both the cost and size of the 
respective power supplies. There are many conflicting 
parameters in trying to do so. For example, lets examine 
how the size of a power supply is a strong function of the 
size of the passive storage elements. It Is well known that the 
size of inductors and capacitors greatly depends on the 
operating frequency. The higher the frequency the smaller 
the inductors and capacitors necessary. Increasing the 
operating frequency is one thing, implementing it is another. 
It is also a well known fact that increased operating 
frequencies result in lower efficiencies in PWM controlled 
switched mode power supplies. 

Increasing the frequency of PWM controlled power supplies 
was one solution in the reduction of the passive elements. 
That posed some limitations due to the nature of operation. 
Simultaneous conduction of high currents in the presence of 
high voltage during turn-on and turn-off times at high 
frequencies resulted in high switching losses. Thus violating 
one of the most important parameters of the switching 
power supply design that is the efficiencies were now lower 
than in lower frequency operation. 

This application note will introduce the "Phase Modulated 
PWM Topology" that overcomes many of the shortcomings 
of conventional PWM topologies at high operating 
frequencies. 

LOSSES IN SWITCHING POWER SUPPLIES 

The typical losses in switching power supplies can be 
divided in two classes conduction losses and switching 
losses. The most common switching element used in 
modern switching power supplies is the power MOSFET. 

This device when enhanced for conduction has a finite 
channel resistance named Rds(ON)- When current passes 
through this device conduction losses result which are 
proportional to: 

='dS(RMS)'^DS(ON) 

In addition to the conduction losses, due to the switching 
action of the device in the presence of high currents and 
high voltages, there are also switching losses. These losses 
can be further subdivided in turn-on , turn-off and capacitive 
discharge losses. Figure 1 shows how turn-off losses can 
result during switching in a simplified way. 



Figure 1. Waveforms in the switching element in a 
switching power supply during turn-off, assuming 
linear rise and fall. 

The energy in turn-off instance can be found by integrating 
the product of the voltage and current waveforms over the 
complete switching interval i.e.. 



Assuming linear waveforms and symmetry the above 
integral can be simplified to the following; 

1 

^toFF "■^IpEAK'^PEAKfs 

The total power lost therefore can be found by multiplying 
the above with the repetition rate, that is the switching 
frequency hence 

PoFF = ■“IpEAK'^PEAKts^ 

To give an example suppose that the power switch switches 
10 amps at 380 volts for SOnsec at 10OKHz. The resulting 
power loss due to just this event would be 9.5 Watts. At 
200KHz it would be 19 Watts and so on. This power loss 
must be dissipated by the switching element and poses a 
problem for the adequate removal of the generated heat. 
One can appreciate the losses at even higher frequencies. 
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Turn-on switching losses result in a similar manner. 
Assuming again symmetry the turn-on losses can be found 
by integrating the current and voltage waveforms over the 
switching interval. 


PqN - “'peak VreaK^s^ 

We are going to see later that the switching event is more 
complicated than what is depicted above due to the 
presence of parasitic inductive and capacitive components 
such as leakage and lead inductances and drain source 
capacitances. 

To reduce the switching losses several methods were used 
such as dissipative and non dissipative snubbers. As the 
name implies dissipative snubbers dissipate their energy as 
heat, whereas the non-dissipative snubbers return their 
energy back to the input line, thus tending to be more 
efficient. In any case even with the use of non dissipative 
snubbers there remain problems that limit the maximum 
operating frequency. 

Several respected institutions along with many 
manufacturers tried to find a way around the above 
problems. This resulted in the proliferation of several new 
power supply topologies with each one claiming to be the 
solution for operation at high frequencies. 

Resonant power supplies thought to be a possible solution 
had their own share of problems. Although not a new 
technology they found a home in some applications. They 
were never really widely accepted by the industry. Part of 
the reason was the absence of analytical tools for the 
analysis and design and suitable controllers. Thanks to the 
efforts of many people they are better understood today but 
most of the manufacturers are still reluctant to put products 
on the market based on this technology. 

Resonant power supplies encompass a wide range of 
topologies and they can be subdivided into three major 
subclasses. These are as follows: 

1) Current resonant or zero current switching ZCS. 

2) Voltage resonant or zero voltage switching ZVS. 

and 

3) Multi-resonant, in the majority of which both the 

current and voltage is resonant. 

It is beyond the scope of this application note to give an 
exhaustive explanation for each type of the resonant 
conversion techniques. For more information, the interested 
reader can draw on the vast amount of technical papers 
published over the last few years. It suffices to say that 
among the resonant conversion techniques one that is of 
particular interest for high frequency operation is the zero 
voltage switching, or ZVS. 

Switches such as power MOSFETs have a drain-source 
capacitance of several hundred picofarads. When this 
capacitance charges and discharges, energy is lost that 
results in power loss. Figure 2, shows a typical power switch 
configuration. 



Figure 2. Typical switch stage of a switching power supply^ 
with the parasitic drain-source capacitance 
shown explicitly. 

The amount of power lost can be calculated by using the 
following formula 


P = 


1 

2 


CdsV^ 

CLAMP 


f 


As an example consider the following case Cps = 500pF, 

V = 380 volts, f = SOOKFHz a circuit with these parameters 
results in a power loss of 18 watts. Therefore one can see the 
importance of capacitance Cos- 

in switching power supplies as we mentioned earlier it is 
often advantageous to use an external drain-source 
capacitance in the form of a snubber. This takes some of the 
burden of the switching loss from the switching device and 
puts it on the snubber circuits. The use of such capacitors 
further compounds the problem of capacitive discharge 
losses. If a way could be found to discharge the total drain- 
source capacitance non-dissipatedly then that would 
represent a solution to the problem. Figure 3, shows this 
concept, for the time being we are not going discuss the 
actual implementation of such a circuit. It is evident from the 
diagram that the switching loss can be reduced to zero if the 
voltage were also zero. From these diagrams it is evident that 
turn-on and turn-off power losses will be zero. Total 
switching times are in the order of 10Onsec. 

Zero Voltage Switching techniques represent such a solution. 
There are some limitations and shortcomings even to these 
techniques. When ZVS is accomplished through resonance 
of the voltage waveform then the design and analysis of such 
power supplies is more complicated. As a rule of thumb the 
operating drain currents are also higher than in PWM 
controlled power supplies. 

To summarize, the ideal power supply would be the one that 
doesn't have operating frequency limitations because of 
switching losses, would be easy to design and manufacture 
and will be cost effective utilizing each one of its 
components to their fullest extent. In the next section we will 
discuss such a topology that has many of these desirable 
characteristics. 
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Figure 3a. Ideal turn-off waveforms of a ZVS 
switching element. 


Figure 3b. Ideal turn-on waveforms of a ZVS 
switching element. 


+v 



Figure 4. Typical H bridge power switch configuration as it is used in medium to 
high power switching power supplies. 


PHASE MODULATED PWM TOPOLOGY (PMPT) 

Phase modulated PWM Topology although not a panacea 
has many of the favorable characteristics mentioned above. 
It is a promising topology for medium to high power 
systems. Basically it is a full bridge topology with 
appropriately coordinated gate drive waveforms for each 
one of the MOSFETs in the H bridge. Its operating 
waveforms are very close to ideal. Turn-on and turn-off 
switching losses are almost eliminated. Operating drain 
currents are almost equivalent to those of a regular full 
bridge PWM topology, thus it does not require the use of 
expensive large die area MOSFET switches. The only 
difference is how the two topologies handle their respective 
switching events. 

The analysis and design of the power circuit of the PMPT 
topology is identical to that of the classical PWM topology. 
Having said that, there are special set of considerations 
associated with the design of a high frequency high power 
transformer used in the PMPT. 


The key idea behind the PMPT is that the voltage across 
the MOSFET is allowed to swing to "zero volts" just 
before the start of the next conduction cycle in the 
respective switches. 

Figure 4, shows a typical H bridge configuration, the diodes 
and the capacitors across the MOSFETs are the intrinsic 
parasitic components present in these components. Typical 
values for the capacitors range anywhere from 10OpF to 
SOOpF for the larger devices. The reverse recovery time of 
the body diodes are in the range of 10Onsec. In the figure 
snubber circuitry has not been shown. 

The power switch section of the PMPT is identical to the one 
shown in Figure 4. To achieve PMPT operation the switches 
must be driven differently. In the regular PWM topology, 
gate drive is applied to the two diagonal switches based on 
the required duty cycle, then there is a period during which 
all switches are OFF (deadtime) and then gate drive is 
applied to the opposing diagonal switches. 
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POWER DELIVERED TO THE LOAD, "ON TIME" 


"RESONANT" DELAY IN WHICH CAPACITANCE OF Q1 GETS DISCHARGED 
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"RESONANT" DELAY IN WHICH CAPACITANCE OF Q2 GETS DISCHARGED 


Figure 5a. PMPT power circuit cycles. 


In the PMPT in order to accomplish ZVS, the leakage, and 
magnetizing inductances of the power transformer are 
utilized along with the drain-source capacitances of the 
power MOSFETs. The body diode of the MOSFETs also 
serves to clamp positive and negative going voltages. Thus 
the parasitic components of the MOSFETs are put to good 
use with this topology. 

Sometimes in order to further reduce the turn-off losses 
additional capacitance may be necessary across the drain- 
source of each MOSFET 

The operation of the PMPT is best understood by examining 
one full cycle of events in the power circuit. For the time 
being one can assume that the power transformer 
magnetizing and leakage inductances will behave as current 
sources. Figures 5a and 5b show the power stage of the 
PMPT through one complete cycle. 


1. The two diagonal MOSFETs are conducting, power is 

delivered through the transformer to the load. The primary 
load current is flowing through the leakage inductance of the 
transformer. The total primary current is equal to the load hb 

current plus the increasing magnetizing current of the WMi 

transformer. The magnetizing current is of importance here 

since when the output load is very light there is very little 
reflected load current to complete the ZVS action. 

2. Q4 turns off, the capacitance across Q1 was charged to 
-fV when Q4 was ON with the turning C)FF of Q4 the 
current through the transformer inductances starts to charge 
the drain-source capacitance of Q4 while at the same time 
discharges the capacitance of Q1. This action continues 
until the body diode of Q1 turns ON to clamp the voltage 
across Q1 to approximately -0.7V. The current through the 
transformer is sustained in the upper half of the power circuit 
as shown in the figure of phase (2). 
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3. When the voltage across Q1 reaches approximately "0 
volts" Q1 turns ON. The time that is required for the 
capacitance of Q4 and Q1 to reach the desired voltage is 
programmed as delays in the gate drive waveforms of the 
controller. This delay is programmable with an external 
resistor for complete flexibility. The current in this phase is 
circulating through the conduction channels of Q3 and Q1. 


5. With the complete discharge of its drain source 
capacitance Q2 now is ready to turn ON. Power is delivered 
to the load through the conducting path of Q1 and Q2 for 
an amount of time that is determined by the control circuit. 
The product of this time, times two, times the operating 
frequency of the oscillator gives the duty cycle of the 
converter as in regular PWM converters. 


4. Q3 turns off, the transformer current now starts to charge 
and discharge the capacitances of Q3 and Q2 respectively. It 
requires again a finite amount of time for the drain voltage of 
Q2 to reach "0 volts" this time is consistent with the 
programmed delay at the outputs of the controller. It is the 
presence of this delay that makes ZVS possible. When the 
voltage across Q2 reaches "0 volts" then Q2 will be turned 
ON with no voltage across it. Thus accomplishing our goal 
of non-dissipative turn ON switching. 


Duty Cycle = 2toN^^ 

Thus the calculation of output voltages or of the required 
transformer turns ratio becomes a task that is quite similar to 
that of the regular PWM converters. The difference is that in 
regular PWM converters the magnetizing inductance is 
maximized in order to get the minimum amount of 
magnetizing current. In the PMPT magnetizing current has to 
be at certain level to facilitate ZVS when the reflected load 
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current to the primary is insufficient to do so. This 
magnetizing current adds to the reflected load current thus 
requiring the use of a lower Rqs MOSFET. This is the penalty 
paid by using the PMPT. In any case the requirements are far 
less if conventional resonant technique were to be used. 

6. Following the power transfer of the above diagonal pair, 
Q1 turns OFF. The voltage across Q4 starts to decrease, and 
when this voltage reaches "0 volts" the next phase starts. 

7. In this phase Q4 turns on and the primary current 
circulates in the conduction channels of the lower pair. 

8. Q2 turns OFF and the current starts to charge and 
discharge the capacitances of Q2 and Q3 respectively. 

When the voltage across Q3 has reached "0 volts" then Q3 
turns ON non-dissipatedly and the complete cycle repeats 
itself from phase (1). 


CONTROL CIRCUIT CONSIDERATIONS 

The ML4818 PMPT controller has been designed to generate 
all the necessary timing and gate waveforms, and it contains 
logic circuitry for effective fault management that is of 
paramount importance in high power switching power 
supplies. 

The control method involved instead of attempting to 
change the pulse width of the switches, changes the pulse 
width of the power pulse. Each of the switches operates 
under constant duty cycle that approaches 50%. In actuality 
the duty ratio is in the range of 40% to 45%. The remaining 
5% to 10% of the time is being used for the ZVS action to 
take place. The above percentages may change with various 
operating frequencies. The effective maximum power pulse 
width can be much closer to 50% for optimum performance 
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Figure 6. Functional Block diagram of the ML4818. 
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at lower frequencies (for example at 10OKHz). A 
demonstration board is available from Micro Linear that 
operates at about SOOKHz. Probing this board is a very good 
way of learning about the various operating modes of this 
very important class of PWM topologies. 

Lets now discuss how phase modulation is accomplished. 
Earlier we mentioned that each of the four switches in the 
power bridge circuit has its own gate drive waveform. That 
requires four individual gate drive signals to be generated by 
the control circuit. This is exactly what the ML4818 does. 
The controller has four outputs that can directly drive the 
four MOSFETs. Figure 6 shows the internal block diagram of 
this controller. 

In order to fully understand the control mechanism, we will 
look into the heart of the controller. Figure 7 shows the 
phase modulator core of the controller. All fault and 
supervisory circuitry has been left out. Also both of the 
complementary outputs and all driver and delay blocks have 
been left out for further simplicity. By examining how the 


other two outputs behave, one is able to grasp the basic 
operating principles of the phase modulator. 

As can be seen from Figure 7, the core of the circuit is quite 
simple. Assuming that the two comparators are inactive for 
the time being the only stimulus that the circuit receives is 
from the clock pulse; Under this assumption the circuit 
reduces to the one shown in Figure 8. 

From Figure 8, clearly if the set input of FFB is always logic 
''0" then the "Q" output of FFB will be reset or logic "0". 
From the operation of the exclusive OR gate then the "B" 
output will be equal to the inverted output of FFA i.e., 
outputs A and B will be 180 degrees out of phase from each 
other. Figure 9, shows the relevant waveforms. 

If now we assume that a periodic stimulus is present at the 
set Input "S"' of FFB occurring at some instance other than 
the clock pulse instance then the resulting waveforms will be 
different as is evident by examining Figures 8 and 9. The 
resulting timing diagram is shown in Figure 10. 




Figure 7. Phase modulator of the ML4818. 


Figure 8. Phase modulator control logic. 


CLOCK PULSE lumiim 


OUT A 


OUTB 


SET INPUT 
OF FFB 


CLOCK PULSE 


=JU|mUJULL 
rLTLTU 


Figure 9. Timing waveforms of the basic phase modulator at 
the absence of stimulus other than the clock pulse. 


Figure 10. Resulting timing waveforms when there is a 
periodic stimulus at input of FFB with period T equal to 
the period of the clock pulse. 
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TRIP POINT OF PHASE 



Figure 11. Generation of the set pulse for FFB. Ramp shape 
may be different in actual application. 

Output "A" is free toggling whenever the clock pulse is 
present, whereas output "B" is the exclusive OR'ed output 
that is the result of outputs FFA, Q and FFB, The exclusive 
OR gate here functions as a controlled inverter. The other 
two outputs of Figure 6, behave in similar way with the only 
difference that they are 180 degrees out of phase with the 
ones described above. 

By controlling time t/vtoD then we are able to control the 
phase shift between outputs "A" and "B". The set input pulse 
for FFB is normally generated by either the phase modulator 
comparator of Figure 12, or by the current limit comparator. 
As in normal PWM regulators one input of the phase 
modulator comparator is the output of the error amplifier 
which sets the trip level and the other input is either a 
voltage ramp or the sensed primary (or secondary) current 
waveform of the power circuit. Figure 11, shows the 
generation of the set pulse and the resulting timing 
waveforms. When the output of the error amplifier changes 
then the trip level changes thus it is possible to continuously 
control time t/vioD by changing the trip level. In switching 
power supplies it is also necessary to limit the power pulse 
width whenever the primary load current exceeds certain 
predetermined value. The second comparator In Figure 7, 
serves that purpose. Thus the output of the phase 
comparator and of the current limit comparator are logic 
OR'ed to produce the set pulse for FFB. Figure 12, shows the 
complete logic diagram of the phase modulator with four 
outputs labeled A1, A2, B1, and B2 respectively. 

The timing waveforms for all outputs can be derived from 
the above diagram. Figure 13, shows the relationship of the 
outputs with respect to each other. 



Figure 12. Complete logic diagram of the phase modulator 
with all four outputs shown. 

DELAY OF THE GATE DRIVE WAVEFORM 

So far we saw how controllable phase shifted outputs could 
be generated. We also saw that in order to have ZVS in the 
bridge circuit in the transition phase between conduction of 
the opposing legs, one of the MOSFETs is ON and the 
remaining are OFF. It is during this time that the drain source 
capacitance of the device next to turn ON is discharged to 
"zero volts". In the traditional Fl-bridge either two of the 
devices are ON or all of them are OFF. 

CLOCK PULSeJ1JLJ1J1_J_^^ 

OUT Al“~ | I I I I I I I 



Figure 13. Timing diagram showing the waveform present 
on ail four outputs of the phase controller. 
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Figure 14. Phase modulator with delay and output driver blocks shown. 



Figure 15. Chart for the determination of the 
external delay resistor. 


In order to get this transition period it is necessary to modify 
the gate drive waveforms slightly. The modification consists 
of adding a predetermined amount of delay to the leading 
edge of the gate drive waveforms. Figure 14, shows the 
phase modulator along with the delay and output driver 
blocks. The delay blocks contain all the necessary 
electronics for the generation of the delay with the use of a 
single external resistor. The timing capacitor is integrated 
into the part. The value of the delay resistor Rdelay can be 
found by using the chart of Figure 15, or it can be calculated 
by using the formula below 

^ _ DELAY(ns)-33.34,/r. 

Rdelay - 

The individual gate drive waveforms are restricted to less 
than 50%. The resulting waveforms are shown in Figure 16. 
The shaded area in the leading edges shows the reduction in 
the pulse width. Note that the delays are only present at the 
leading edges of the waveforms. Hence the less than 50% 


CLOCK PULSE ILLUJyjn 



OUT B2 














- tDELAY 



Figure 16. Leading edge delay of the drive waveforms 
necessary for ZVS operation. 


duty cycle. Because all the drive signals have this delay 
complementary waveform symmetry is preserved. Although 
the delay time can be adjusted using an external resistor, it 
should be kept in mind that resulting actual delays in the 
power circuit may differ, this will be due to slew of the drive 
waveforms, also it requires a finite time to charge and 
discharge the gate capacitances of the MOSFETs. 

The amount of time that is required to complete ZVS will 
vary as the load current reflected to the primary varies. The 
power transformer magnetizing inductance has to be able to 
develop enough current during "ON time" for ZVS to 
complete its cycle. That will require careful design of the 
power transformer. In most cases the transformer will have to 
be gapped. A side effect of the gapping will be the 
stabilization of the magnetizing inductance. 
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The ideal ized power transfer cycles of the PMPT are shown 
in Figure 17. Power transfer takes place during the hatched 
periods. The width of these periods depends on the phase 
relationship between the "A" and "B" outputs. A good way 
to observe the phase modulation action is watch the 
oscilloscope traces of "A1" and "B1" outputs. 

CLOCK PULSeJIJLJIJIJL^^ 



Dark shaded areas denote times when power is transfered to the 
load. Light shaded areas denote the delay in the leading edge. 
Power is transfered to the load when (A1 = "1" & B1 = "1") 
and (A2 = "1" & B2 = "1"). 

Figure 17. Power transfer cycles of the PMPT. 
DESIGNING FOR ZERO VOLTAGE SWITCHING 

So far we saw that it is possible to do non-dissipative 
switching. The ML4818 power supply controller with its 
operational flexibility is able to provide all the necessary 
waveforms needed for such power supply. The most 
important thing left to be done is the design of the power 
transformer. Zero Voltage Switching properties greatly 
depend on this component. 

Figure 18, shows the simplified equivalent model of a typical 
power transformer. The model is indeed very simple, actual 
transformers are very difficult to model due to the presence 
of primary and secondary effects such as saturation and 
inter-winding capacitances. 



Figure 18. Simplified model of a real transformer. 

It is obvious from Figure 18, that the current that will flow 
through the MOSFETs will be the sum of both the reflected 
secondary current which we call the load current and of the 
current that builds up in the magnetizing inductance of the 
transformer. 


The load current is a function of the output load and can 
change anywhere from zero to its full rating as it reflects to 
the primary. The magnetizing current on the other hand is a 
function of the ON time and of the primary applied voltage. 
The output filter inductor where the load current flows 
through is normally very large. For all practical purposes the 
reflected current of the primary can be assumed constant 
during the intervals of interest. 


It is also important to remember that inductors can be 
approximated as current sources. With all this in mind lets 
now look into what happens when a power MOSFET 
switches OFF. Figure 19, shows one leg of the bridge circuit 
with the parasitic drain source capacitances. Assuming that 
the lower device was conducting current just prior to turning 
off the following events may happen. 

If the gate drive waveform is fast enough and drops to zero 
volts before the drain source capacitance can charge to any 
significant voltage then the turn off event will be non- 
dissipative. This is the principle also with snubbers, where a 
large amount of external capacitance diverts the current 
from the channel for non-dissipative switching. Where the 
PMPT excels is that just before turn ON the energy stored in 
the snubber or drain source capacitances of the MOSFETs is 
returned back to the source as we saw earlier. This way there 
is not a penalty for using additional snubber capacitance. 
And since the turn ON is at zero voltage the switching event 
is lossless even at very high frequencies i.e., SOOKHz and 
above. 



F 


WAS OFF 


h WAS ON 
TURNED OFF 


Figure 19. MOSFET switching in PMPT, and charge and 
discharge of the drain source capacitances. 

In Figure 19, in order to discharge the drain source 
capacitances there needs to be a certain amount of current 
stored in the inductances of the transformer. Since the total 
charging current is the sum of the load currents and the 
magnetizing current, whenever the load current is low the 
charging has to be done by the current that the magnetizing 
inductance was charged. Hence the importance of the 
magnetizing inductance. 
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One can get quite complicated in trying to calculate the 
required amount magnetizing inductance necessary for ZVS. 
But the following simple procedure could be followed with 
some experimentation to get familiar with the technique. 

The required maximum duty cycle is the first parameter to 
consider. Along with the delay that will be introduced by the 
delay circuit of the ML4818, in high frequency conversion 
the effective duty cycle will be reduced by the charging 
effect of the leakage inductance. Here we will assume that 
the reduction of the duty cycle by the charging of the 
leakage inductance is negligible (not true in most of the 
cases). 

Lets assume that the required duty cycle results in a delay 
time to. In other words the time available to complete the 
charging of the drain source capacitance is tQ. The charging 
configuration of the bridge circuit changes depending on its 
state just prior to ZVS. In Figure 19, the bridge circuit was 
delivering power to the secondary, so it was in a power 
transfer cycle just prior to the next ZVS. Under this condition 
the drain source capacitances will be charged linearly by a 
current equal to 

IpRI =1 load+Imac 

This is not the worst case. The worst case happens after the 
above there is a period of freewheeling of the current before 
the next device turns ON with ZVS. This corresponds to 
phases (3) and (4) in Figure 5a. During this period the output 
diodes effectively short the transformer and the only 
inductance in the circuit is the leakage inductance and 
carries a current slightly less than at the end of the power 
transfer cycle. Therefore all the calculations are based on 
this case. 


During phases (2) and (3) the capacitances charge Tinearly 
with the reflected load current'. During phases (3) and (4) the 
capacitances resonate with the leakage inductance and [ 
charge in a resonant fashion. The worst case is when the 
load current is very close to zero. Under that condition the 
freewheeling current in the leakage inductance is equal to 
the magnetizing current at the end of the power transfer 
cycle. 

The assumption we are going to make is that the delay time 
represents one quarter of the resonant cycle determined by 
the^leakage inductance and twice the drairr source 
capacitance of the MOSFETs, since there are two MOSFETs 
perside.^ 

The procedure for calculating the necessary amount of the 
leakage and magnetizing inductances is shown below. An 
irnportant note here is that in nnost of the cases the leakage 
inductance will be determined by the actual transformer 
construction and it will be a given. In that case the equation 
belpw could be used first to calculate the required amount 
of the delay time. 

1. Calculate the required amount of either delay or 
leakage inductance value when one of them is the given 
value 

_ 1 _ 

4tD T 271^2 CdsLleakage 

. Lleakage 

Cos I n ) 



Figure 20. Voltage mode and feed-forward circuitry of the ML4818. 
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or 

2. Calculate the minimum current for ZVS from the 
energy required to reach Vi[vj(maX)- Note that twice the 
energy necessary to swing one leg of the bridge is 
required to be stored by the leakage inductance. This is 
because we have two ZVS actions during one complete 
power transfer cycle. 

jl-LEAKACE 'MAC(min) 

Lleakaoe iMAC(min) ~ ^ 

I _ 

'MAG(min) ~ u , 

\ ^leakage 

3. Calculate the value of Lmag- 

I _ Mn^on 

Lmag - 

iMAG(min) 

Example: Lets suppose that the following are given 

Lleakage = 1 
Cds - 225pF 

VlN{max) =370VoltS 
toN(@V|N(rnax)) = 'l^sec 

The calculations for the above example are as follows: 


T, = 3.14^|<2Mil^ = 129nsec 

, _ l4(225pF)(370V)2 _ , , 

iMAG(min) “ J-- 2.«bA 


Lmag = 


(370V)(1psec), 


:95.85pH 


The value of the magnetizing inductance found above is 
somewhat low. This is because we made the assumption that 
there will be ZVS down to very light loads. If we do not 
allow the output load to go to very light loads or if we are 
willing to live with NZVS (Near Zero Voltage Switching) 
then the resulting magnetizing inductor values will be higher 
resulting in lower conduction losses. The value of 
magnetizing inductance that was chosen for the typical 
PMPT power supply of Figure 23, was 400pH, the value of 
the leakage inductance was approximately 15pH. 


_ Application Note 19 

MORE ABOUT THE ML4818 CONTROLLER, VOLTAGE 
OR CURRENT MODE OPERATION 

The ML4818 controller is able to control a PMPT converter 
operating either voltage mode or current mode. It contains 
special logic circuitry for that purpose. That same circuitry 
allows for voltage feed-forward in voltage mode operation. 
Figure 20, shows the logic circuit internal to the 1C that 
enables the above. 

Pin #3 is pulled to ground at the end of the power cycle and 
is kept at ground until the start of the next power transfer 
cycle. Thus the discharge of the feed-forward capacitor is 
enabled. An important note here is that the PMPT operating 
in voltage mode required the internal logic of Figure 20. It is 
not possible to operate voltage mode by only connecting pin 
#3 to the oscillator ramp. This is unlike conventional PWM 
regulators. 

Feed-forward voltage mode operation provides automatic 
line correction without the need for the voltage control loop 
to change the duty cycle. The correction takes place within a 
single cycle. The current through resistor Rff is proportional 
to input voltage therefore the charging time of the Cff 
capacitor is proportional to input line voltage and 
consequently the time that it takes to reach the threshold set 
by the error amplifier. 


R 



The necessary values for any given application can be 
calculated using the above equations which can be solved 
for any of the unknown values. The resulting ramp will affect 
the open loop gain of the voltage control loop. The open 
loop gain will be independent of the variations in input 
voltage. The open loop gain for the voltage mode controlled 
case can be calculated by using the following. 


^ _ CffRff^OSC 

LJo —-^- 

O-L N 

where N = Primary to secondary turns ratio 

fosc = oscillator frequency 

Gq.i. = open loop voltage gain 

For the circuit in Figure 23, the open loop voltage gain was 
calculated to be 7 or 16.9db, below the corner frequency of 
the output filter. In this case the corner frequency is 4.1 KHz. 

A TYPICAL PMPT POWER SUPPLY 

Figure 23, shows a typical off-line PMPT supply, as it can be 
seen from the schematic diagram only a handful of 
components are required to build a fully functional power 
supply. Specifications for this supply are shown in Table 1. 

The power supply was not optimized for any particular 
application. It is important to note that higher efficiencies 
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can be obtained by using lower loss magnetlG materials and 
lower ON resistance MOSFETs. 

The controller in this design is located at the primary side. 
The voltage feedback is accomplished with the use of an 
optocoupler. The current transfer ratio for this optocoupler is 
almost linear for a limited operating range, this enabled the 
use as it is shown in Figure 23. For more realistic 
applications an error amplifier at the secondary would 
probably be required. If an auxiliary supply is available then 
the controller itself can be situated in the secondary. 
Demonstration board that implements this power supply is 
available from Micro Linear Corp., it is a useful tool in 
gaining familiarity with this topology. 

The control loop design for the voltage mode version of a 
PMPT supply is identical to that of a regular full bridge PWM 
converter. For simplicity in this case the loop is stabilized 
relying on the ESR of the output capacitor. The feedback 
components are calculated to give enough margin for loop 
stability. 

The gate drive for the four MOSFETs is accomplished by 
using two drive transformers (T2 and T3). There are two 
secondary windings on each transformer to be able to drive 
the two MOSFETs in each leg of the bridge Figure 21, shows 
this configuration. The primary of the transformers connect 
to outputs A1, A2 and B1, B2 through a DC coupling 
capacitor to prevent drive core saturation under abnormal 
conditions. The windings of the transformers are trifilarly 
wound to minimize leakage inductances. A toroid of 0.5" 


outside diameter with 10 turns for each windings seem to 

Table 1. 

Input Voltage Range 

90VAC to 140VAC or 180VAC to 260VAC 

Output Voltage 

15V adjustable 

Output Voltage Adjustment Range 

12.6V to 20V (@ 120VAC and lout=13A) 

Output Current 

13.3A 

Line Regulation (90VAC to 140VAC) 

<30mV 

Load Regulation (10% to 100% @ 20VAC) 

<300mV 

Current limit set to approximately 

15A 

Output Power 

200W 

Efficiency at full load and 120VAC 

. 82% 

Output Voltage Ripple , 

250mV (without additional filtering) 

Voltage ramp time at turn on (OV to 15V) 

<8msec 

Oscillator Frequency 

500KHZ 

Average power under short circuit 

<1OW 

Short Circuit Capability 

Indefinite 

Short Circuit Protection Method 

Fliccups 
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function fairly well. The wires should be insulated to provide 
isolation. 


+HV 



Figure 21. Gate drive scheme for fail-safe operation. 

The power circuit consists of a DC blocking capacitor in 
series with the power transformer to prevent core saturation 
under unbalanced and abnormal conditions. The current 
transformer in series senses the current for cycle by cycle 
current limit. If the current limit persists then capacitor C8 
charges to 3V triggering an internal comparator and shutting 
down the power supply. The resistor connected across C8 
helps to discharge this capacitor and the power supply tries 
to soft start. 

For high power applications where large size MOSFETs are 
used it may be necessary to use external gate drivers to 
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Typical PMPT Power Supply Parts List 


PART# 1 

VALUE 

Resistors 

R1,R2 

240K, 1/4W 

R3 

82K, 2W 

R4 

39, 1/4W 

R5, R20 

IK, 1/4W 

R9, RIO, R11, R12 

5.1, 1/4W 

R6 

4.3K, 1/4W 

R7 

240K, 1/4W 

R8 

7.5K, 1/4W 

R13 

510, 1/4W 

R16 

IK, 1/4W 

R14 

IK, 1/4W, POT 

R15 

lOOK, 1/4W 

R17 

330K, 1/4W 

R19 

lOOK, 1/4W 

R21 

5.1 K, 1/4W 


Capacitors 


1 

C1,C2 

680pF, 200V ELECTROLYTIC 

C3 

200pF, 25V, ELECTROLYTIC 

C4 

0.1 ^F, CER. 

C5 

680pF, PRECISION 

C6 

470pF, CER. 

C7, CIO, Cl 5, Cl2, Cl6 

IpF, CER 

C8 

56nF, CER 

C9 

0.33pF, 630V, POLYPROPYLENE 

C11 

lOOpF, 25V, ELECTROLYTIC 

C14 

0.01 pF, 1KV, CER. 

C18 

lOOOpF, CER. 

C20 

220pF, CER. 

C22 

120pF, CER 

C21 

470pF, CER. 

C23, C24 

lOnF, 1KV 


divert the power dissipation from the ML4818 controller to 
the external drivers. The drivers can be simple NPN-PNP 
pairs Figure 22 , shows such a configuration. 


PART# 

VALUE 

Diodes 

Dl, D2 

MUR150 

D3, D4, D5, D6 

1N5406, 3A, 600V 

D9, DIO, Dll, D12 

1N4148 

D13 

MBR3045PT, 30A, 45V, SCHOTTKY 

D14, D15, D7, D8 

1N5818, SCHOTTKY 

D16, D17, D18, D19 

1N5248, 18V ZENER 

MOSFETs 

Q1,Q2, Q3, Q4 

IRF840 

IC's 

IC1 

ML4818, PHASE-MOD. 1C 

OPl 

MOC8102, OPTOCOUPLER 

Inductors 

LI 

200pH, 0.3A FILTER CHOKE 

L2 

15pH, LITZ WIRE, 15A FILTER 
CHOKE 

Transformers 

T1 

45T/2X4T/2X4T, Lmag = 400pH 
OBTAINED BY GAPPING, PRIMARY 
AND SECONDARIES ARE LITZ 

WIRE, Lleakage = 15pH, POT CORE, 
HIGH FREQUENCY MATERIAL 

T2, T3 

10T/10T/10T, GATE DRIVE 
TRANSFORMER, WOUND 

TRIFILAR ON 0.5" O.D. TOROID 
WITH INSULATED WIRE 

T4 

1T/80T, SAME CORE AS ABOVE, 

80T IS AWG #28 MAGNET WIRE 

Fuses 

FI 

5A, 250V FUSE 



Figure 22. External gate drivers using NPN-PNP pairs. 
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How to Set the Sensitivity of the 
ML4621, ML4622, ML4624 


SECTION 1 


HOW TO ADJUST THE SENSITIVITY 
OF THE ML4622/ML4624: 

The sensitivity of ML462X is adjustable by changing the 
voltage level at Vjhadj P'^i- The sensitivity should be set 
at a point which guarantees error free operation with 
minimum signal level and the maximum noise level on 
the quantizer inputs. The first step is to determine the 
input threshold at which errors begin to occur. To 
determine this the following steps are recommended. 

1) Tie Vjhadj to ground on the receiving station to 
find the maximum sensitivity. 

2) Transmit *10^ bits of data from transmitting station 
and verify that receiving station receives all the bits 
without any error. 

3) If receiving station does not receive the data 
correctly, go to step 4). Otherwise measure the 
received power and attenuate the receive signal 
more. Then go to step 2. 

4) At this point you know the maximum sensitivity of 
the receiving station before it receives any error. The 
minimum level must be at least -32.5dBM average 
to meet 10BASE-FL standard or -27dBM peak to 
meet FOIRL standard. Now you can set the 
sensitivity of the receiving station to any level you 
want as long as it is greater than the maximum 
sensitivity and less than minimum sensitivity (when 
Whadj = Vrep) of the MF4622/ML4624. The Link 
Mon signal will then turn off (high) before receiving 
any errors. 

5) Now you should determined the proper voltage at 
Vthadj which will meet lOBASF-FL standard with 
minimum signal level and the maximum noise level. 

A) Signal Level: The responsivity of the 
HFBR2416 can be as low as 4.5mV/pW and as 
high as 11.5mV/pW. So we calculate minimum 
ViN(p-p) at the input of the quantizer when receive 
power is -29.5dBM peak. 

Rp (MV/UW) = Responsivity of the HFBR2416 

Pr (dBM) = Average receive power 

ViN(p-p) = Input peak to peak voltage at the 
input of ML4622, ML4624 

-29.5dB = 1.122pW 

V,N(p.p) = 1.122pW X 4.5mV/pW 


Thus Vjhadj the minimum signal level can be 
calculated as follow: 

Whadj = 500 V|N(p.p) (IN mV) 

Vthadj = 500 (5.049) = 2.52V (1) 

B) Noise Level: The maximum random noise 
(Vn(max)) of the HFBR2416 is 0.7mV which it 
occurs at a responsivity of Rp = 8.2mV/pW. This 
input signal will be attenuated by the internal low 
pass filter of the quantizer. If capacitor across CF1 
and CF2 is 5pF, the attenuated noise voltage will 
be: 

f= 1/271800 (C+4) = 22.1 MHZ 

(ML4622/ML4624) 

As shown in figure 1, the signal to noise ratio 
required at the fiber optic receivers comparator is: 

S/N@BERof1 X 10-10 = 12.8 (FOIRL) 

S/N @ BER of 1 X 10-9 = 12 (1OBASE-FL) 

We can calculate the signal level at the input of 
the quantizer. 

S = V|N(p_p) 

V|N(P-P) = 0 2.8)(.294) = 3.76mV(P-P) (FOIRL) 
ViN(P-P) = (12)(.294) = 3.52mV(P-P) 

(1 OBASE-FL) 

The link monitor threshold of the ML4622/24 
should be set to reject the output voltage of the 
HFBR2416 when it is 3.52mVp_p for the 
1 OBASE-FL or 3.76mVp_p for the FOIRL. The 
Vjhadj l^or this signal level can be calculated as 
follows: 

Vthadj = 500 (4.74) = 2.37V (ML4622) 

Vthadj = 417 (4.74) = 1.97V (ML4624) (2) 

Setting the Vjhadj at 2.5V (tie to Vref) will set the 
input threshold greater than the maximum noise 
level of both specifications. This will allow the 
quantizer to reject the worst case noise levels and 
meet both specifications for minimum signal level 
of 5.049mVp_p. 


ViN(P-P) = 5.049mV (0) 

*109 bits to meet 10BASE-FL standard and lOio bits to meet FOIRL standard. 
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10-4 10-6 10-8 10-10 10-12 

BIT ERROR RATIO (BER) 


Figure 1. 


SECTION 2 


HOW TO SET Vthadi FOR GREATER SENSITIVITY: 

Lower voltage at Vthadj gives you more sensitivity. By 
adding a resistor divider as shown in Figure 2 you can 
lower the voltage at Vxhadj to have sensitivity more than 
-29.5dBM peak. You can calculate the resistors' value as 
follow: 

— Find the Vjhadj t^or the sensitivity you want at the 
input of the ML4622/ML4624. 

Vthadj = 500 V|f^(P.P) 

Vthadj = Vref (R1/R1 + R2) 

Vref = 2.5V 

Vthadj = 2.5V (R1/R1 + R2) (3) 

— Set R1 = 1 k and solve EQU. 3 for R2. 



-Vrf 

(FILTERED GROUND) 


SECTION 3 

HOW TO SET Vthadi THE ML4621 
TO MEET 10BASE-FL STANDARD: 

To determined proper voltage at Vthadj we must calculate 
Vthadj for the minimum signal level and the maximum 
noise level. 

A) Signal Level: As we calculated in Section 1, the 
signal at the input of the ML4621 can be as low as 
5.049mV peak to peak. Thus, Vthadj for tho 
ML4621 can be calculated as follow: 

Vthadj = 0-7V + 600 V|n(peak) (IN mV) 

Vthadj = 0.7V + 600 (5.049/2) 

Vthadj = 2.21V 

B) Noise Level; As explained in section 1, we can 
calculate the input signal level at the ML4621 for the 
maximum random noise level of .7mV as follow: 

f=1/27i425C = 37.4MHZ 

(C=10pF across CF1 & CF2) 


ViN(P-P) = (12.8)(.382) = 4.88mVp_p (FOIRL) 

ViN(P-P) = (12)(.382) = 4.58mVp_p (1OBASE-FL) 

Since Vitsi(p_p) is less than 5.49mV (1 OBASE-FL 
requirement), we can set the Vthadj to 2.21 V by 
using a resistor divider from Vref. The resistors can 
be calculated as follow: 

Vthadj = Vref (R1/R1+R2) 

2.21V = 2.5V (R1/R1+R2) (4) 

Choose R1 = 1 K and solve equation 4 for R2. 

2.21 = 2.5V (1000/1000+R2) 

R2 =140Q 


Figure 2. 
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ML4632 Verses A Voltage Driven Output 


INTRODUCTION 

This Application Brief covers one of the issues which must 
be considered to meet IEEE 802.5, IEEE 802.4 and IEEE 
802.3 FOIRL and 10BASE-FL. The Optical Power at the 
output of the LED transmitter (Launched Power) can 
violate these standards. One way to improve this 
parameter is to use a current source to drive a Fiber Optic 
LED transmitter. 

ML4661/ML4662, FOIRL and 10BASE-FL transceivers, are 
the best solution for 802.3 applications (refer to 
Application Note 15). Flowever if ML4661/ML4662 is not 
being used in a 802.3 application, ML4632 is the second 
option to be used. 

On the other hand ML4632 can be used for the IEEE 802.4 
and IEEE 802.5 (4Mbps) applications. 

ANALYSIS 

ML4632 is a Fiber Optic LED driver with a programmable 
current driven output. This will allow user to program the 
output current with the accuracy of ±10% through a 
resistor. The ML4632 can be used to drive a Fiber Optic 
LED transmitter like HP LED transmitter (HFBR1414). The 
ML4632 regulates the current through the HFBR1414 
regardless of power supply variations or variations in Vp 
between LED transmitters. This will result in a more 
precise launch power at the output of the transmitter. 
However if a voltage driven output is used such as CMOS 
or Schotky gates, the variation in forward voltage (Vp) with 
forward current (Ip) and the power supply variation must 
be taken into account. These variations cause a wider 
range of Launched Power which will violate the 
standards. 

LAUNCHED POWER 

Table 1 shows the HFBR1414 Peak Launched Power 
measured out of 1 m of cable and table 2 indicates 
Launched Power range for the FOIRL and 10 BASE-FL 
Standards. 


TABLE 1 


PARAMETERS 

PEAK 

LAUNCHED 
POWER (dBM) 

CONDITIONS 

MIN 

TYP 

MAX 

Ta(°C) 

If 

62.5/125pm 
Fiber Cable 

NA = 0.275 

-15 

-12 

-10 

25 

60mA 

-16 


-9 

-40 to +85 

-15.5 


-10.5 

25 

55mA 

-16.5 


-9.5 

-40 to +85 


TABLE 2 



PEAK LAUNCHED POWER (dBM) 

802.3 

MIN 

MAX 

FOIRL 

-18 

-9 

10BASE-FL 

-17 

-9 


Note: Peak launch power = Average launch power +3clBM. 


Table 3 shows the Launch Power if ML4632 is used to 
drive HFBRl 414. We choose 55mA as forward current to 
meet the HFBRl 414's current condition. 

TABLE 3 




PT(55mA) 

(Notel) 

Pt( 1F) 
(Note 2) 

Pr 

(dBM) 

CONDITION 

If 

MIN 

MAX 

MIN 

MAX 

(Notes) 

High 

60mA 

-16.5 

-9.5 

-16.2 

-9.2 

+0.3 

Nominal 

55mA 

-15.5 

-10.5 

-15.5 

-9.5 

0.0 

Low 

50mA 

-16.5 

-9.5 

-16.9 

-9.9 

-0.4 


Note 1: PT( 55 mA): Optical Power of the HFBRl 414 when Ip is 60mA. 
Note 2: Pt(if): Optical Power of the HFBRl 414 for Ip = 55mA ±10%. 
Note 3: Pr: is relative power ratio in dBM (Pt(if) - Pt( 55 ))- 
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Table 4 shows the Launched Power if a voltage source is 
used to drive the HFBR1414. To calculate Ip at high and 
low end, we can calculate the resistor value at nominal 
condition: 

R = (Vcc-Vf)/1f. 

R = Vr/If 

R = (5 - 1.7)/60mA = 55^ 

So Ip can be calculated for the low and high conditions. 


CONCLUSION 

Due to the HFBR1414's Optical Power range, Using a 
voltage source as the LED driver can violate the FOIRL 
and 10 BASE-FL standards. However using the ML4632 to 
drive the HFBR1414 meets, both standards in the worst 
condition. 


TABLE 4 




' 


1 

PT(60mA) 

(Notel) 

Pt(1F) 

(Note 2) 

PR(dBM) 

CONDITION 

Vf(V) 

Vcc (V) 

Vr(V) 

Ip (mA) 

MIN 

MAX 

MIN 

MAX 

(Notes) 

High 

1.48 

5.5 

4.02 

73.1 

-16 

-9 

-15.2 

-8.2 

-fO.8 

Nominal 

1.7 

5.0 

3.3 

60 

-15 

-10 

',-15 

-10 

0.0 

Low 

2.09 

4.5 

2.41 

43.8 

-16 

-10 

-17.8 

-11.8 

-1.8 


Note 1: PT{60mA): Optical Power of the HFBR1414 when Ip is 60mA. 
Note 2: Pt(if): Optical Power of the HFBR1414 for different Ip. 

Note 3: Pr: is relative power ratio in dBM (Pt(if)- Pt(60))- 
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Packaging Information 
Section 11 


Package: JOS 8-Pin Hermetic DIP.11-1 

Package: P08 8-Pin Molded DIP.11-1 

Package: S08N 8-Pin SOIC (Narrow).11-2 

Package: j14 14-Pin Hermetic DIP.11-2 

Package: PI 4 14-Pin Hermetic DIP.11-3 

Package: SI 4N 14-Pin SOIC (Narrow).11 -3 

Package: J16 16-Pin Hermetic DIP.11-4 

Package: PI 6 16-Pin Molded DIP.11-4 

Package: SI 6N 16-Pin SOIC (Narrow).11 -5 

Package: SI6W 16-Pin SOIC.11 -5 

Package: j18 18-Pin Hermetic DIP.11-6 

Package: PI 8 18-Pin Molded DIP.11-6 

Package: SI 8W 18-Pin SOIC.11 -7 

Package: j20 20-Pin Hermetic DIP.11-7 

Package: P20 20-Pin Molded DIP.11-8 

Package: Q20 20-Pin Molded Leaded PCC.11-8 

Package: R20 20-Pin SSOP.11 -9 

Package: S20W 20-Pin SOIC.11 -9 

Package: P22 22-Pin Molded DIP.11-10 

Package: J24W 24-Pin Hermetic DIP.11-10 

Package: j24N 24-Pin Hermetic Ceramic DIP (Narrow).11-11 

Package: P24W 24-Pin Molded DIP.11-11 

Package: P24N 24-Pin Molded DIP (Narrow).11-12 

Package: R24 24-Pin SSOP.11-9 

Package: S24W 24-Pin SOIC.11-12 

Package: j28W 28-Pin Hermetic DIP.11-13 

Package: P28W 28-Pin Molded DIP.11-13 

Package: Q28 28-Pin Molded Leaded PCC.11-14 

Package: R28 28-Pln SSOP.11-9 

Package: S28W 28-Pin SOIC.11-14 

Package: H32 32-Pin TQFP.11-15 

Package: Q32 32-Pin Molded Leaded PCC.11-15 

Package: S32W 32-Pin SOIC.11-16 
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Package: J40 40-Pin Hermetic DIP.. ....11-16 

Package: P40 40^Pin Molded Plastic DIP.11-17 

Package: G44 44-Pin PQFP. 11-17 

Package: Q44 44-Pin Molded Leaded PCC. 11-18 

Package: H44 44-Pin TQFP. 11-18 

Package: H48 48-Pin TQFP. 11-15 

Package: G52 52-Pin PQFP... 11-17 

Package: H52 52-Pin TQFP. 11-18 

Package: H64 64-Pin TQFP. 11-18 
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PHYSICAL DIMENSIONS inches (millimeters) 


Package: |08 

8-Pin Hermetic DIP (CERDIP) 



Package: P08 
8-Pin Molded DIP 



0.020/0.050 



0.290/0.320 

(7.36/8.13) 


W/|^ OVIS'’ 


0.0091/0.014 

(0.229/0.356) 


^3^Micro Linear 


11-1 






PHYSICAL DIMENSIONS inches (millimeters) 


Package: S08N 
8-Pin SOIC (Narrow) 


.187/.198 

(4.75/5.03) 


.0117.021 

(.280/.533) 


UJJ 



.018 MIN (.457) 
(4 PLCS) 


.050 ± .008 


(1.27 ± 0.20) 



.1487.159 

(3.76/4.04) 



NOTE 1: SEATING PLANE LEAD COPIANARITY .005 (0.127) (BOTTOM OF LEADS). 


Package: J14 

14-Pm Hermetic DIP (CERDIP) 



^ 0.750/0.785 ^ 

(19.05/19.94) 

1 — 1 n 1 — II — II — 1 r—i 1 — 1 

1 

0.265/0.310 

(6.731/7.874) 

14 8 

U_L 

L_J LJ L-J L_J L_l l-_J L_J 
^ ^ 0.050/0.065 

(1.27/1.65) 


0.290/0.320 
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Micro Linear 







PHYSICAL DIMENSIONS inches (millimeters) 


Package: PI 4 
14-Pin Molded DIP 




Package: S14N 
14-Pin SOIC (Narrow) 



NOTES: 1. Dimensions are in inches (millimeters) 

2. Seating plane coplanarity ±.005 (bottom of leads after forming) 

3. Skewed or bent leads not to exceed .005" from its true position 


Micro Linear 







PHYSICAL DIMENSIONS inches (miUimeters) 


Package: J16 

16-Pin Hermetic DIP (CERDIP) 




Package: PI 6 
16-Pin Molded DIP 



0.020/0.050 



0.290/0.320 



11-4 


Micro Linear 






PHYSICAL DIMENSIONS inches (millimeters) 


Package: S16N 
16-Pin SOIC (Narrow) 


.384/.395 

(9.75/10.04) 


.011/.021 

(.280/.530) 



16 9 

1 8 





.050 ± .005 
(1.27 ± 0.20) 



.018 MIN (.457) 
(4 PLCS) 


.148/.159 

(3.76/4.04) 


(.178/.254) 

JUc' 


-JJ 

.014/.037 

.228/.246'*^ 

(.355/.940) 


NOTE 1: SEATING PIANE LEAD COPLANARITT ,005 (0.127) (BOTTOM OF LEADS). 


Package: S16W 
16-Pin SOIC (Wide) 




.025 MIN 
(.635 MIN) 


(4 PLCS) 


.007/.015 

(.177/.381) 

JU 


.290/.301 

(7.36/7.65) 




NOTE 1: SEATING PLANE LEAD COPIANARITY .005 (0.127) (BOTTOM OF LEADS). 


Micro Linear 
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PHYSICAL DIMENSIONS inches (millimeters) 


Package: J18 

18-Pin Hermetic DIP (CERDIP) 



^ .880/.915 ^ 


(22.35/23.23) 

nnr-ii—inr-innn 

4 

18 10 

,285/,310 
(7.24/7.87) I 

i_I 

1 . 


Yf ' O "LJ TU lU " Hi U T-J ' IT 


_J I ^ .050/.065 

(1.27/1.65) 0,290/0.320 



.020/.050 



Package: PI 8 
18-Pin Molded DIP 



-.915 (23.23) MAX- 

r-i r-i r-i n 1-1 r-i r —1 

r —1 m 

♦ 

18 

10 

2.40/2.70 

k 


(6.09/6,86) 1 

r 


i_ 1 

b_ 

9 


Jt 


.050/.065 

(1.27/1.65) 



0,290/0.320 

(7.36/8.13) 



.008/.014 

(.203/.356) 
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Micro Linear 






PHYSICAL DIMENSIONS inches (millimeters) 


Package: S18W 
18-Pin SOIC (Wide) 



(.610 MIN) 


(4 PLCS) 



Jl/ 




■022/.042 

(.559/1.07) 


NOTE 1: SEATING PLANE LEAD COPLANARITY .005 (0.127) (BOTTOM OF LEADS). 


Package: J20 

20-Pin Hermetic DIP (CERDIP) 



0.200 

(5.08) 

MAX 


i 


t 


rwwwwf 


(1.270/1.651) 


0.020/0.050 

(0.508/1.270) 


t 


0.005 

(0.127) 


MIN 


0.016/0.022 

(0.406/0.559) 


0.090/0.110 

(2.286/2.794) 


0.290/0.320 



0.008/0.012 

(0.203/0.305) 


licro Linear 
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PHYSICAL DIMENSIONS i riches (millimeters) 


Package: P20 
20-Pm Molded DIP 




1.020/1.040 


d. 

(25.91 / 26.42) 

r-ir-irnr—ir-ii—ir-ir-ir-i 

1 

0.240/0.270 

(6.096/6.858) 

I 

11 


' 

10 


TI T' O ’ Cll rJ TL T' U U LJ-LJ u ' 


0.200 

(5.08) 

MAX 



0.290/0.320 

(7.366/8.128) 



0.008/0.014 

(0.203/0.356) 


Package: Q20 
20-Pin Molded Leaded PCC 



SQUARE 


NOTE; SEATING PIANE LEAD COPIANARITY .005". 
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Micro Linear 







PHYSICAL DIMENSIONS inches (millimeters) 


Packages: R20, R24, R28 
20-Pin SSOP, 24-Pin SSOP, 28-Pin SSOP 



204 24L, 28L SSOP 


"N" 

LEADS 

. . dim. 

inches 

"D" 

(mm) 

PACKAGE 

I.D. 

20 

.2747.294 

( 6 . 9577 . 45 ) 

R20 

24 

.3137.333 

(7.9578.45) 

R24 

28 

.3927.412 

(9.95710.45) 

R28 


.066/.070 

(1.68/1.78) 


t t t 


.068/.078 .002/.010 

(1.73/1.99) (.050/.254) 


.022/.037 


(.557.95) 

■*'1 ^ .301/.313 , 1 


Package: S20W 
20-Pin SOIC (Wide) 



NOTE 1; SEATING PLANE LEAD COPLANARITV .005 (0.127) (BOTTOM OF LEADS). 
NOTE 2: NOMINAL DIMENSIONS ±0.005 (0.127) UNLESS OTHERWISE SPECIFIED. 


Micro Linear 
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PHYSICAL DIMENSIONS inches (millimeters) 


Package: P22 
22-Pm Molded DIP 



0.200 

(5.08) 

MAX. 




0.008/0.014 

(0.20/0.36) 


Package: J24W 

24-Pin Hermetic DIP (CERDIP) 



0.200 

(5.08) 

MAX 
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Micro Linear 






PHYSICAL DIMENSIONS inches (millimeters) 


Package: j24N 

24-Pin Hermetic Ceramic DIP (Narrow) 



0.200 

(5.08) 

MAX 




Package: P24W 
24-Pin Molded DIP (Wide) 



0.200 

(5.08) 

MAX 




Micro Linear 
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PHYSICAL DIMENSIONS inches (nriiiIimeters) 


Package: P24N 
24-Pm Molded DIP (Narrow) 


1.210/1.270 


r-L 

(30.73/32.26) 

nr-ir-ir-ir-ir-ir-ir-\r-ir-ir-i 


24 

13 

4 



0.240/0.270 

) 


(6.096/6.858) 

1 

12 

1 


lJlJLJLjL_ii_il_ii__jl_jl_jl_ii_i 




Package: S24W 
24-Pin SOIC 



i 


.095/.106 
(2.41 /2.70) 


J 


_ SEATING 
PLANE 


(1.27 ± 0.20) 


.290/.301 
(7.36/7.65) 


.007/.015 
(.177/.381) 


0.406 ± 0.010 
(10.31 ± 0.254) 


0.015/0.050 

(0.38/1.25) 


NOTE 1: SEATING PLANE LEAD COPIANARITY .005 (0.127) (BOTTOM OF LEADS). 
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Micro Linear 






PHYSICAL DIMENSIONS inches (millimeters) 


Package: J28W 

28-Pin Hermetic DIP (CERDIP) 





Package: P28W 
28-Pin Molded DIP 



0.200 

(5.08) 




0.008/0.014 

(0.203/0.356) 


icro Linear 
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PHYSICAL DIMENSIONS inches (millimeters) 


Package: Q28 
28-Pm Molded Leaded PCC 



NOTE: SEATING PLANE LEAD COPIANARITY 0.005. 


Package: S28W 
28-Pin SOIC 



NOTE 1: SEATING PLANE LEAD COPLANARITY .005 (0.127) (BOTTOM OF LEADS). 


11-14 


Micro Linear 






PHYSICAL DIMENSIONS inches (millimeters) 


Packages: H32, H48 
32-Pin TQFP, 48-Pin TQFP 



"N" 

32L 

48L 


315 BASIC 
(30) 

.0197 BASIC 
(50) 

"W^ 

.009/.015 

(.23/38) 

.00B/.012 

(.20/.30) 

PACKAGE 

ID 

H32 

H48 




Tj 




.047 MAX 

( 1 . 20 ) 


NOTES: 1) Lead frame copper thickness .005/(0.127) 
2) Max .004/(.102) lead coplanarity 


Package: Q32 
32-Pin Molded Leaded PCC 



iiiwwJ 

I .430/10.92' I 
' .390 \ 9,91 


Micro Linear 






PHYSICAL DIMENSIOKS inches (millimeters) 


Package: S32W 
32-Pin SOIC 


32L SOIC 




, .816+.006 , 
(20.73 + .152) 

.083/.093 
[■ (2.11/257) 

.090/.100 

(2.28/2.54) 







■025A031 II I L .0147.020 

(,634/.786) (.354/506) 


.004/.010 _ f 

(.102/.254) 1 . 

^ I I .025/.037 
(.638/.942) 


1 




NOTES: I.Dinnensionsare in inches (millimeters) 

2. Lead coplanarity to be within ,005" (127mm) 

3. Max lead skew .005" (.127mm) from its true position 


Package: ]40 

40-Pin Hermetic DIP (CERDIP) 





Micro Linear 







PHYSICAL DIMENSIONS inches (millimeters) 


Package: P40 
40-Pin Molded Plastic DIP 


I— II — II — II — 

(52.60/51.79) 

r-ir-ir—if—ii—inf—I/—ir—ir—ir-ir 

—1 n i—i n 1—1 

40 


21 

J 

1 


20 


0.570/0.540 

04.48/13.72) 




).065/0.050 

0.65/1.27) 



0.022/0.016 

(0.56/0.41) 


0.110/0.090 

(2.79/2.29) 


1 0.050/0.020 

U' (1.27/0.51) 



U V/ 


0.620/0.590 

(15.75/14.99) 


0.014/0.008 

(0.36/0.20) 


Packages: G44, G52 
44-Pin PQFP, 52-Pin PQFP 


.537/.557 
’ (13.65/14.15) 
.3897.399 
’ (9.88/10.12) 



"N" 

44L 

52L 

"P" 

.0315 (.80) BSC 

.0265 (.65) BSC 

"W" 

.012/.018 (.30/.45) 

.090/.014 (.22/.35) 

PACKAGE 

ID 

C44 

C52 


.5377.557 

(13.65/14.15) 




1 .075/.095 
/ (1.90/2.41) 


0° to 8° 
„_ .026/.037 


NOTES: 1) Lead coplanarity .005 max. 

2) Bent leads .005 max from its true position 


Micro Linear 
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PHYSIGAL DIMENSIONS inches (millimeters) 


Package: Q44 
44-Pin Molded Leaded PCC 



0.010 


(0.25) 
LD. THK. 



NOTE: 

1. SEATING PIANE LEAD COPIANARITY ±.005 


Packages: H44, H52, H64 
44-Pin TQFP, 52-Pin TQFP, 64-Pin TQFP 


44L, 52L, 64L TQFP 
10 X 10 X 1.0mm BODY 




44L 

52L 

64L 


.80 BASIC 
(.0315) 

.65 BASIC 
(.0256) 

30 BASIC 
(.0197) 

mn 


.23/37 

(.009/.015) 

.18/32 

(.007/.013) 






.035/.043 y V . .047 MAX 


U 


NOTES: 1) Lead frame copper thickness .005/(0.127) 
2) Max .004/(.T02) lead coplanarity 


1±18 


Micro Linear 






1 


i 


! 

I 

I 

i 


Micro Linear 

2092 Concourse Drive, San |ose, CA 95131 
Tel: (408) 433-5200 • Fax:(408)432-0295 






